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TREATMENT OF STRANGLES WITH SULPH ANIL AMIDE 
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As part of a plan for tlir? investigation of 
strangles in tlio Army Remount Depots 
I" of Mona and Sargodha in the Punjab, it 
was decidcMl to make a systematic trial of 
sulp])anj)anud(^, leaving an equal number 
of controls treated by ordinary methods. 
Tlio present paper gives the results so 
far obtained and the opportunity is taken 
;■ to discuss the whole, problem with an eye 
jr to the future. Strangles in young horses 
'i' at these depots has always been a major 
d problem and two papera dealing with the 
matter from the epizootic logical stand- 
,■ point have been published [Miiiett, 
; 1944.] 

Literature 

The history and nature of the sulphoiia- 
,;r mide compounds, their dosage and views 
V on tlieir mode of action are matters which 
have been discussed by a number of 
authors and extensive repetition is un- 
necessary. ' ^ 

>Some of the most recent information 
^ on the causal agent of strangles is fur- 
nished by .Bazeley and Battle [1940] in 
Australia. Prom 415 cases of serious 
and typical equine diseases they isolated 
457 strains of iisemolytie streptococci. 
All of tliesb belonged to LancefiekPs sero- 
logical group 0, in fact the horse is the 
commonest source of these organisms just 
as man is the usual source of group A 
streptococci and the cow of group B 
streptococci. By agglutination, five main 
types could be ' distinguished among the 
457 strains while biochemically they fell 


into five types : (a) Str. equi, which fer- 
mented neither lactose, sorbitol nor 
ti'elialose; (b) ‘ equine 1’ which fermented 
sorbitol; (c) equine 2^ which fermented 
trehalose. Types (b) and (c) might or 
might not ferment lactose in addition and 
they are generally referred to as 
pyogenes equi. All the strains isolated 
from fresh strangles pus were Str. equi 
(agglutinative type 1) and this typo was 
also associated with some cases of res- 
piratory catarrh. 

There appears to be no doubt as to th® 
sensitivity of group 0 streptococci to 
sulphouamidft preparations. Stablefortli 
[1938] reported that suiphanilamide would 
protect mice against 100 to 1000 or even 
more minimal lethal doses of culture, 
pescazeaux, Courtade and Rocq [1939] 
ill similar tests used a vh'ulent hsemoiytie 
streptococcus isolated from a,, gstr angles 
abscess. An 18-h6ur serum broth culture 
of this organism in dose of 0*5 c.o. of lo"'’' 
dilution intraperitoneally was regulax’ly 
fatal in mice. In the tests 0*5 c.c. 10 “*^ 
dilution {i.e. 1000 fatal doses) was used 
and this killed nine out of the ten control 
mice within 48 hours and the remaining 
one within 72 hours. Of 10 mice similarly 
inoculated but also given suiphanilamide-— 
at a dose of 0*01 gm. twice daily for two 
days, the first dose being given 30 minutes 
before the streptococci— four survived 
four or five days, three for six days and 
three for more than eight days. 

As to the mode of action of sulphona- 
mide drugs, there seems no longer any 
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doiiM that they have a direct effect on 
'bacterial metabolism (inliibition ^of an 
esseiitial enzyme reaction) loading to 
bacteriostasis a!id that the phagocytic 
cells of the body are the actual killing 
agents. This eifect urns nicely shown by 
G-ay and Clark [1937] in the case of an 
experimental streptococcus empyema in 
rabbits. The phagocytic cells themselves 
are unharmed by concentrations of the 
drug ivliicli are active against bacteria. 
McIntosh and 'Whitby [1939] have shown 
that the drugs are not simple germicides, 
although, as Colebrook, Buttle and 
'O’Meara [1936] had pointed out for sub 
phanilamide, the drug is bactericidal on 
small numbers of Inemolytic streptococci 
in culture medium and in blood. It is also 
known that they are not immediately 
■active in vitro or in vioo; tJiey are active 
on highly virulent organisms and those 
in the logaritJiraic x)'hase of growth, and 
there is a quantitative relationship 
between effective dose and tlie number 
of bacteria attacked. Further, it is 
decided that the drugs do not neutralize 
toxins, they do not stimulate the activity 
of 'leucocytes nor influence the production 
or quality of specilic immune bodies. The 
compounds are easily ■ diffusible iu the 
body and are very effective in a medium 
;-\yhich is a poor one for the organism, e. g. 
urine or blood. On the other hand, as 
Fleming [194-1] has shown, pas inhibits 
the action of sulphanilamide, so that it 
■should . not be used on grossly septic 
•wounds.^ 

The sulphonamide drugs which are 
chiefly in use at the present time are 
.sulphanilamide, sulpliapyridine (M & B 
‘693) and siilpliathiazole. Sulphanilamide 
is capable of dealing with most hfemolytic 
streptococcus infections, is active against 
€1. welclii/i, meningococci, gonococci. Bad. 
coli and Proteus, but is reiatively inactive 
against staphylococci and pueumococci. 
Sulphapyridine is active against luemolytic 
streptococci, pneumococci and CL welchii 
and-lias some action against staphylococci 
and Cl. sepiicimi. Sulphathiazole is not 
only active against hiemoiytic streptococci*] 


but is also defmiti.dy better tlian the otlier 
two against staphylococcus infections. 
Finally, it is to bf‘ ]ioi(‘d Uiaf among ])ac- 
teria belonging io sn-'C('|)ti])lc species 
drug-resistant strains an‘ f'ometimes mot 
with. An apposite il lustra I ion of this was 
recently reported ]>y llcmdry [H){2]. A 
horse nndergoing innuiinization with grou]) 
A liffimolytic Htre])tococcl (hwo'lopod a 
streptococcus s(>ptic{einia n,nd died in sjhto 
of 10 days treatment with sulphanilamide. 
The streptococci isolated fro7n the blood 
of the animal, the clay before its death 
were considerably more resistant to sul- 
phaiiilamide by in vitro tests tlian wore 
the organisms used for immunization. 

Since tlui early days when proiitosil 
was found to lie efficient in rcHlucing the 
mortality in Imman ])iiorperal fever, it has 
become apparent that tlie sulplionamides 
are of value in a number of otlim* Imman 
infections, streptococcal and otherwise, 
particularly tlie more acute class of 
disease. Howev'-cr, their tdlicacy has not 
been proved in all cases, o.g. hh*ench 
[1939] in a series of paiiistaldiig and 
controlled observations was unable to 
demonstrate any useful aedion in scarlet 
fever. 

All careful practitioners realize that 
the drug* should be given as early as 
possible, in full dosage, at proper inter- 
vals, and fora siiriioient length of time, 
say up to 10 days, Continiiation without 
au interval beyond this time may lead to 
leucopeiiia and amemia. If relapses 
appear, dosing should bo recjommendod. 
Water intake should be restrict(‘d and 
medicines containing sulphur withhold. 
It is good practice if possibh* to make 
periodic estimations of the suiiihonamide 
concentration in the blood, since the rate 
of absorption and excrotiou varies some- 
what in different individuals. Bazeley, 
Jokobowicz an<l Gplatt [19-10] give a 
convenient dosage tabhi i“or iiors<;s. Ohms, 
to attain a conceutratiou of snlphanila- 
mide of 5 mg. per cent in the blood, a 
horse weigliing 1000 11). would require 90 
gm. the first day and 60 gm. on substcjuent 
days. For a 750 lb. horse tiui amounts 
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are 67 and 45 gm. Daring the present 
war, sulphanilamido, applied daily as a 
dusting powder, has been found useful 
in ridding wonndH oi; liffimolytic streptococ- 
Cl [Golehrook, 1941]. In this ease the 
wound sJiouid either be a fresh one or 
one in wliieh granulation is proceeding. 
In lact, sulphani] amide can sometimes be 
used 111 this way when dosage by the 
mouth IS contraindicated. 

^ In some acute streptococcus infections 
in horses, e.g. pneumonia, sulphanilamide 
^^7 5 ^^^®'t^odmg value [Descazeaux et 

al, 1939; Hignedt, 1940; Steek, 1940; Baze- 
iey, 19404] ; in chronic conditions, e.g. 
chronic sinusitis or nasal catarrh, fistulous 
withers [Arnold, 1939; Bazeley, 1940] the 
drug is of less value. The folio wiiit>- 
workers have reported on trials with 
sulphanilamide or related compounds in 
strangles (the numbers in parenthesis 
show the number of cases treated) : 

1938, Guerret (11). 

1939, Douglas and Walker (3) 
Descazeaux et aL (8) 

Arnold (5) 

1940, Steck (at least 32) 

Knowles (15) 

Bazeley (1) 

1941, Jastrzebski (?) 

Leo (31). 

Kurzenhauser ( f) 


of infection to the parametrial tissues 
[t^olebrook and Kenny, 1936] 

(4) The drug has no effect on an abs- 
cess once it has formed. This again' 
would be expected. . ‘ ' 

^ I^articiilar reference may be made to, 
bteck’s work. He administered 804] 0 fun. ‘ 
doses to adult horses, the drug being, 
suspended in 3-4 pints of tepid water and 
given through a tube by the nasal route. 
It tue case was responding, the tempera- 
ture might be expected to have fallen bv 
the second day. For example, on the 
second day after a singde-dose treatment ' 
othOgm. the mam daily temperature had : 
fallen by 0-5° C. (0-9° F.) or m.ore in 25 
cases, by .less then 0-5^ C. in 13 eases, and . 
had remained the same or risen in 10 
cases. Single doses,^ however, usnally - 
gave only a transient improvement, while 
with continued dosage one had to guard’ 
against anemia. Of 25 cases treated witli 
repeated doses (up to seven) at one— or 
two-day intervals, 13 showed enduring 
impiovementj in six the elfect was feeble 
oi not enduring and in six the course of 
me disease appeared to the uninfluenced. 

1 wo important rules to be observed were • 
(a) utrict rest during the fever, (h) rest 
during a convalescent period of three, 
complete days without any fever and then 
gradual return to exercise. 


The salient points of this work are, 

(1) Impressions as to the value of the 
treatment are in general somewhat vari- 
able. This is not surprising because the 
disease is not a killing one and the course 
and clinical manifestations are themselves 
rather inconstant. Also, cases acting as 
controls were not always kept, 

(2) There is fair unanimity as to the 
favourable effect of the treatment on the 
fever. This in itself must mean that the 
drug has some influence on tbe infection. 

(3) There are indications that the drug 
inhibits_ inflammatory cedema and so tends 
to localize abscesses. This is in conformi- 
ty with medical experience, e. g. in the 
early work on puerperal fever it was 
noted that prontosil prevented the spre,^d . 


PeOGEAMME of IXVESTIGATIOn 

The experiments were carried out 
during the period, October 1939 to May 
1J42, oil the numbers ol animals shown 
below: 



1939-4.0 

1940-11 

194.1-42 . 

Mouii, 

23 (ordinary 
dose) 


5 (ordinary 
dose)' 

? (larger do, so) 

Sargoclha 


10 (oriluiary 
(lose) 

3 (larger doso) 



23 1 

13’ '1 

! 12 Total 48 


Gxperimufl- 
till criHOH. 
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One control jiniinal was observed at the 
same time as the expcrimeiita! caso^ except 
that for the tliree 'larger dose’ horses trea- 
ted at Bargodha 1940-41 only two suitable 
controls were available. 

By ‘ ordinary dose ’ is meant 1 gm. 
sulphaiiilamide per 10 lb. body Aveighf^ 
daily for 10 consecutive days, while the 
'larger dose’ was intended to mean four 
doses each of 80 gm. on alternate days. 
Had the ‘larger’ dose programme been 
adhered to strictly, it would have meant 
giving the animals ahont half the total 
amount of sulphaiiilamide administered to 
those on ‘ ordinary ’ doses. Actually, a 
few got more and a few less than the 
intended dosage (see Results). Dosage 
was commenced on the day of admission 
to hospital or on the next day. The daily 
‘ ordinary ’ dose was divided in half, each 
half being given morning and evening. 


The 0-5 gm. tablets sap]>lhi(i wore powder- 
eel and suspended in a pint of water and 
given by the nasal route D.y uieans oi a 
stomach tube [Baz('h‘y, 1940 J. llu' 

‘ larger ’ dose was given in ilie morning 
and usually at a single ar!minist,ra,Li(m. 

No other treatment wns givmi io tln| 
experimental ca,ses but in all cases ii; % j,- 
abscesses dovelojied they wore optmed at 
the proper time. Tlie^ controls wore 
chosen at the same time if possible as the 
experimental cases and in imikiiig the 
selection discrimination was avoided, save 
that if anything the experimental one was 
the more severe. Body temperaturtss wore 
recorded twice daily, morning and a 

ing. Body weigiits weia^ l.ake.u on adinis- 
sion and (iisually) on discharge, records 
were kept of symptoms ami geiuu'al 
condition, and t1n‘ duration of Imspitaliza- 
tiou was noted. 



Tablk 1 

Mom. Biilphamlamide treatment with ordinary dose 








Body M’eigia 

Date 

« iS 




Nuinber 

' ^ • 

(pounds) 


§.a|9 

Bod 


of 

animal 

1 

On 

- 

On 

admitted to 
hospital 

a 

nil 

1 



admission 

discharge 

1 

Li_ 

Q 



Bmlily ('uiiifeioii 


27 — . 1 ~ 4 (» 
10 — . 3— 40 

12 — 4 .{) 

13 - _ 3™40 
ly— 3— 40 
18—3—40 

18— 3—40 

19— 3—40 

■ 19 — 3—40 

19—3—40 


20—3—40 

20— 3—40 

21— 3—40 


Oouililviou good, diod 
Lost condition, fiiir 
G-ood 

Qovoro attack, condil ion fa/ir, j^ood 
Condition isi;ood, slow in jdedtins; np 
Good 

Good S 

Severe atta(d<, ioHl: condition duriiiK 
Ivealiuent, inijtrovtid later 
Good 

Severe attack, lost ceiidition dnriii,!' 

treatanent, i!ni)roved later 
Lost sonn! condition amt was slow iu 
id eking’ up 

Ditto 

Good ' ■ ■ , ■■■■■ 

Good 

Good 
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o 

Number 

of 


.Body weight 
(Poambs) 

Date 

admitted to 

S-’C-fec 

. Ai B ' 

lU 

1 Bodily condition 

ra 


<! £ 

V *== 

On 

1 admis'sion 

1 Oil 

dlfc'chargo 

heap i till 

03 o 13 

fl 

■p ® 

. ft *S< 

■ 

10 

8081 

19 

(380 


Treated 

10—4—40 

(Contd.) 

38 

21 

Good 1 

so 

8244 

13 

(320 


10—4—40 

34 

30 

(Grood ' 

21 , 

8131 

19 

670 


13— 4— .40 

58 

39 

Lost some condition and was slow in 5 

22 , 

8147 

13 

700 


13—4—40 

. 41 

27 

picking up . : ! 

Q-ood 

. 23. . 

8217: 

16 

690 


17—4—40 

43 

20 

Good ( 

24 . 

181 

16 

812 

840 

24—3—42 

334 

38 

Good 

23 

204 

13 

620 

(344 

31—3—42 

298 

40 

Good ""I'l 

20 

202 

17 

728 

756 

2—4—43 

300 

29 

Good '■ 

27 

215 

19 

780 

800 

2—4—43 

296 

33 

Good ' ■ ‘i 

2S . 

252 

14 

616 

654 

7—5—43 

36 

30 

Good 

;i 

8070 

13 

650 


Contra 

Is' 

. 26 

30 

1 

Good,. j 

2 

80(38 

18 

780 



65 

38 

Good , '1 

3 

8077 

16 

730 



38 

32 

Good " '1 

4 

8192 

12 

580 



10 

24 

Good , , 1 

5 

4.S 

8 

480 



103 

49 

Temporarily lost some oottdition | 

6 

81 9S 

13 

750 

, .1 


13 

37 

Severe fittack, lost condition, improved I 

7 

81S9 

:i.3 

6(30 

1 


15 

49 

later ■ f 

Ditto. 

8 

8222 

12 

64(.> 


> 

13 

18 

Good ■. 

9 

8185 

12 

(320 


.p 

16 

52, 

Severe attack, lost condition during 

10 

824,(3 

12 

640 



12 

52 

attack, improved later 1 

Good 1 

11 

8213 

.13 

6(50 


'5 ' 

fl 

14 

29 

Good 

12 

8187 

14 

58(,» 


1 

17 

40 

Good 

13 

8225 

15 

700 


Z 

14 

32 

Lost eojxditiou., died 

14 

8197 

13 

670 


Q 

IS 

29 

Good s 

15 

51. 

S 

336 



19 

26 

Good i 1 

16 

8171 

13 

6(30 



29 

28 

Good 

17 

8180 

12 

690 



29 

30 

Good ' ' 

18 

8256 

14 

(370 



S 

36 

Good ■ ■ ■"1 

19 

8151 

IT 

750 



38 

11 

Good , |, 

20 

8220 

13 

700 



35 

48 

Good ' , ' ■ 



Treatmeni of Blrmgtes with Bulphanitamido 
Table II 




Sa rgo dha. Sitlphanilamide treatment with ordinary doRe 


ll 



I Body 

weight 


a| 

bI 

o - ^ ! 


Number 

of 

tUOtt 

I (po^i 

nds)^ 

Date admitted 
to 

« .S .2 

Bodily condition 


animal 


Ou 

admission 

Ou I 
discharge 

hospital 

ts "S 2 

n3 ■ 



Controls (Contd.) 


21 

8154 

13 

730 


o 

41 

■ ■.,27 

Good 

22 

8232 

14 

760 


. g - 

XI ■ - 

37 

22 

Good 

23 

8267 

14 

650 


o 

tc 

18 

9 

Good, died 

24 

128 

16 

700 

7,00 

a 

rS 

36 

38 

Good, lost condition in hospital 

25 

208 

12 

620 

588 

O 

1* 

21 

40 

Good, lost condition in hospital 

20 

206 

18 

756 

784 

o 

23 

29 

Good 

27 

235 

19 

750 

700 

1 

21 

38 

Good, lost condition in hospital 

2S 

2S6 

16 

616 

616 

fi 

Ireaii 

36 

ed 

30 

Good, lost and regained condition 

20 

6359 

18 

602 

641 

22-1-41 

128 

39 

Pair 

SO 

5327 

14 

621 

645 

25-1-41 

131 

39 

Fair 

SI 

5358 

'15 

604 

670 

25-1-41 

131 

39 

Fair 

sa 

5341 

15 

505 

556 

22-1-41 

134 

35 

Fair 

38 

6352 

12 

575 

626 

28-1-41 

134 

35 

Fair 

S4 

6975 • 

14 

500 

571 

14-2—41 

76 

35 

Fair 

SS 

€002 

15 , 

620 

588 

21-2-41 

83 

32 

Fair 

80 

6087 

10 

506 

570 

21-2-41 

63 

43 

Fair 

ST 

6040 

19 j 

625 

565 1 

22-2—41 

83 

37 

Fair 

88 

6045 1 

10 1 

545 

591 

02_2-41 

Control 

84 

42 

Fair 

29 

6360 

19 

610 

676 


128 

38 

Good 

30 

5361 

17 

660 

721 


130 

40 

Fair 

31 

6335 

18 

625 

715 


131 

39 

Fair 

32 

5351 

24 

604 

681 

bO 

134 

36 

Fair 

33 

6325 

14 

607 

792 

i 

134 

36 

Fair 

34 

6094 

13 

550 

545 

$ XI 

fc ** 

56 

75 

Eapid loss of condition while in hd»»i- 

35 

6001 

16 

522 

600 


81 

39 

Fai?^’ very slowly 

36 

6995 

14 

528 

600 

"cfl 

ft 

83 

38 

Fair . 

37 

5344 

14 

538 

640 


158 

68 

Fair 

38 

5321 

21 

640 

j650 


159 


Fair 


Serial No, 
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Table III 

Sidphanilamide treatment with larger doses 




Number 

■ 

of 

ta p 

animal 





Body Aveight 
. (pounda) 


On On 

admiBSion diacAliargo 


Date admitted 
to 

hospital 




p fl 

ft m 

■g g ns 

3 


Q 


Mona (Treated) 


Sargodha (Treated) 


Mona (controls) 


Sargodha ( Controls ) 


Bodiiy condition 


1* 

32 

15 

650 

700 

24—12—41 

31 

38 

at 

33 

14 

700 

740 

26-12—41 

33 

36 

:s 

66 

15 

672 

680 

26—12—41 

23 

45 

4 

27 

17 

710 

710 

25—1—42 

64 

24 

« 

9064 

15 

780 

820 

6—1—42 

82 

25 

« 

97 

15 

760 

756 

30—1—42 

22 

27 

T j 

103 

16 

750 

784 

31—1—42 

23 

33 . 



6050 

15 

450 


28—1—41 

59 

99 

0 

6077 

12 

470 

520 

27-1—41 

38 

103 

10 

5969 

' 15 



16-4-41 

. 137 

23 


1 

74 

14 

775 

790 

o 

20 

38 

2 

18 

14 

728 

756 

bo 

.9 

35 

45 

3 

69 

14 

725 

672 

i5 

3 

o „ 

23 

35 

4 

100 

17 

774 

758 

resp 

b0Y« 

IS 

30 

5 

9980 

15 

662 

700 

o ® 

68 

25 

6 

99 

17 

740 

728 


22 

27 

7 

105 

15 

734 

756 

p 

23 

33 


Good 

Good 

Good 

Good 

Good 

Good 

Good 

Poor, died 
Poor, improved later 
Ditto 


Good 

Good on admission, slight loaa during 
first Aveok * 

Goodon admiasion 

Good on admiasion 

Good 

Transient loss of condition 
Good 


8 

0029 

16 



28—12-40 

28 

87 

9 

5954 

16 1 



29-3-41 


56 


Poor, died 
Poor, died 


*Waa given four doses each of 70 gm. ‘ 

fWas given three doses each of 75 gm. , . 

Animals at Mona and Sargodha Avere received from Montgomery and Shahpur Districts (Punjab), reapectively. 


Treatmmt of Strangles ^11)1% SulphanilmnUe 


S 

Bestjlts 

Tlit^so are summarized in Tables I, II 
and III, the results for Mona and Sargo- 
dba being shown separately. Tempera- 
ture ciuwes of many animals are also 
shown in Figs. 1 to 39. . Additional notes 
on the cases are as follows : 

Cases treated with ordinary doses 
(Serial numbeiKS given below corres- 
pond with the serial numbers given in 
Tables I, II and III. Numbers of cases 
in heavy type were treated with sulphani- 
lamide, those printed in ordinary type 

are the corresponding controls). 

Mowa (Table I) 

I . Died. P.m: three large raesenteric 
abscesses, of which one had burst. 

a. Submax. and temporal abscess ope- 
ned, 5 and 19 days. Purpura-like 
lesions developed during treatment. 
Legs swollen. 

3 . Submax. swelling subsided. Parotid 
abscess opened, 20 day. 

4 , Submax. abscess began to subside 
during treatment but formed again 
later and had to be opened, days 18, 
28 and 30. 

K. Parotid swelling which subsided. 

«. Submax. abscess opened, 7 day. 

T. Submax. abscess subsided during 

treatment. Temporal abscess opened 
later 25 day. 

8. Submax. abscess subsided during 

treatment but this and parotid abscess 
formed later and had to be opened on 
five occasions between days 22 and 30. 
». Submax. abscess opened, 6 and 12 
days. : ( 

10 . Submax. abscess began to subside 

during treatment but later submax. 
and parotid abscesses and abscesses on 
cheelr had to be opeimd, days 23, 21, 
28,30. 

II. and IS. Submax, swellings which failed 
to develop. 

15. Submax. abscess opened, 17 day. 

14 . Submax. abscesses opened, days 4, 9, 
12 . 

16 . Submax. abscess subsided. Parotid 
abscess opened, 27 day. 


16 . Subnuix. absces?! snbsifled duriTig 
treatment Imt fornuid aguin biter and 
had to be opem-d, 29 <biy. ^ 

ly. Subnuix. abscc^ss wliieii lail«'d to deve- 
lop. On admission, parotid lugioa 
tendin' and animal roaring, 

18, 19 and ao. Submax. abscess opened. In 
No. 550, for three days tlnn’o \va,s some 

■ oedema of the legs and below alxlonuni. 

21. Subnuix. abscess failed to develop. 
For four days, there was some oedema, 
of the legs. 

22. Submax. abscess opened, U) and ii> 
days. 

23. Subinax. abseess opi'ninl, 10 day. 

24 . (latarrh. Sulnnax. abscnss ojunn'd, K 
day. Parotid s\v(‘l ling sulisided. Min! 
e,a,s(‘, convah'Sc.eni froin 13 <iay, 

25. Subinax. and pui*oild swellings snle 

sided. Mod('r<it('ly sev«we ease on ad' 
mission, niibl lab'r. (lonvalt'seent 
from .10 day. . 

26. Catarrh. Submax. abscess opeiuMl, J 
day. Mill case, convalescent from 22 

27. Oatai'rh. Snbnm.x. swelling subsided. 
Mild case, convalescent I’roin 20 day.^ 

28. Submax. swelling oinmed, 7 day. Mild 
case, convalescent from 22 ibiy. 

1. Abscess in temporal region and oi 
near shouldei' opmicd, 0 day. 

2. Parotiil abscess which failefi io develop. 

3. 4. Submax, a,bseesH opened, 0 and 5 
days, res]3ectively. ^ 

5. Snbmax. and pJirotid abhct'ssi^s u].)ened, 
days 4, 14, 17, 25. Slight roaring du- 
ring lirst .lb days, For 0 days, oede- 
ma of hind legs. 

6. Submax. and eiieek ubscessi's opmiiMl, 
8, 15 and 16 diiys. 

7. Submax. and temporal abscessi's 
opened on nim* oce.asions bid, ween days 
8 and 29, 

8. Snbmax. abscess open(‘d, 7 day. 

9. Snbmax. and parotid abscesses opi'- 
ned, on five occasions bidAVi.'ini <]ays 6 
and 25. 

10 and 11. Submax. abscesses opmied, 13 
and 6 days, respc'ctivcdy. 

12, Submax. abscess failed to devidop. 
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13. Snbmax. and temporal abscesses 
opened on days 17, IS, 19. Sabsequen- 
tly, parotid swellings developed. Died 
on 3i day. P.m : abscess over axillary 
lymph glands. Trachea full of ‘thick, 
dotted foam’. No pneumonia. 

14. Snbmax. abscess opened, da>s 4, 5, 7. 

15. „ „ „ 6, 7, 9, 20. 

16. „ „ „ „ 4,13. 

1/. 5, jr }} )) 5,6, 19. 

18. 19. Submax abscess opened, days 7 

and 3, respectively. 

20. Catarrh. Parotid abscess failed to 
develop. 

21. Snbmax. abscess failed to develop. 

22. Temporal abscess opened. 

23. Died. P.m : post, mediastinal abscess 
and gangrenous pneumonia. 

24. Catarrh. Submax. abscess opened, 14 
and 18 days, parotid and temporal 
abscesses opened, 31 and 33 days, res- 
pectively. Fairly severe case with 
protracted course. 

25. Catarrh. Off-feed. Submax. abscess 
opened, 12 and 13 days. Protracted 

^ case, convalescent from 24 day. 

26'. Catarrh. Submax. swelling opened, 4 
and 10 days. Mild case, convalescent 
from 21 day. 

27, Catarrh. Off-feed. Submax. and tem- 
poral abscesses opened, 7 and 24 days, 
respectively. Parotid swelling subsi- 
ded. Protracted case, convalescent 
from 27 day. 

28' Off-feed. Snbmax. abscess opened, 11 
day. Parotid swelling subsided. Mo- 
derately severe case, convalescent from 
22 day. 

Sargodha (Table II) 

Submax. and parotid abscesses opened, 

6 and 21 days. 

s#. Submax. abscess opened, 9 day. 

31. Submax. abscess opened, 26day. Pa- 
rotid swelling subsided. 

a^. Submax. abscess opened, 13 day. Swel- 
ling over parotid with slight roaring. 4. 

33. Submax. abscess opened, 19 day. 

34 . and 35 . Small submax. abscess formed 
after discharge from hospital. 

36. Small submax. abscess opened, 31 day. 


37. Subinax. abscess opened, 36 day. 

38. Submax. swelling subsided. 

29 and 30. Submax abscesses opened, 13 
and 4 days, respectively. Mild cases. 

31. Submax. and parotid abscesses opened, 
20 and 28 days. Severe case. 

32. Submax. abscess opened, 6 day. Severe 
case. 

33. Submax. abscess opened, 10 day. Se- 
vere case. Transient laminitis. 

34. Submax. sw^elling subsided. Severe 
case. 

35. 36. Submax. swelling subsided. Mild 
cases. 

37. Heavy catarrh. Submax. abscess 
opened, 35 day. Moderately severe 

38. Submax. abscess opened, 37 day. 
Mild case. 

Not*. Case# a® to sa auci corresponding coutrola were »U 
from one paddock of 25 animals all of wliieh 
except 9 developed strangle*. 

Cases treated with Harger^ doses (Table III) 

Mom 

1 . Sulphanilamide, four doses each of 70 
gm. on 1, 3, 5 and 7 days, half the dose 
in morning and half in evening. 

Submax. abscess opened, 7 and 18 days. 
Parotid swelling subsided. Modera- 
tely severe case at first, later mild. 
Convalescent from 22 day. 

38 . Sulphanilamide, three doses each of 75 
gm, on 1, 3, and 5 days, ha if in 

morning and half in evening. 

Catarrh. Submax. swelling opened, 10 
day. Parotid swelling subsided. Mild 
ca.-e, convalescent from 17 day. 

3 . Suiiihanilamide, 3 doses each of 80 gm. 
on 1, 3 and 5 days, whole dose at one 
time. 

Catarrh. Submax, abscess opened, 17 
day. Parotid swelling subsided ; roa- 
ring for three days. Severe case at 
first, later mild. Convalescent from 22 
day. 

Sulphanilamide, four doses each of 80 
gm. on 1, 3, 5 and 7 days, whole dose at 
one time. 

Submax. abscess opened, 4 day. Mild 
case, convalescent from 8 day. 
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Treatment of Strangles wUl% 8ulplianilamide 


5. Mplianilamlde as No. 4. 

Catarrli. SnhTnax. swelliDijf subsideti 
Mllcl ease, couvalosccrit from 13 day. 
e. SiTlplinniI amide, sovmi doses each of 80 
gm. on i, 3, 5, 7, 0, II and 13 days* 
'Whole dose at oho time. 

Snbniax. abscess opened, 8 day. Oonva- 
iescejvfc from 18 day. 

7, Sulphanilamide, 10 doses each of 80 gm. 
on 1, 3, 5, 7, 9, 11, 13, 15, 17 and 19 
days, whole dose at one time. 

Catarrh. Siibmax. abscess opened, 17 
and 18 day.^^. Parotid swelling. Matura- 
tion of abscess delayed, ])iit convales- 
cent from 19 day. Did not respond 
well to sulphanilamide. 

1 . Submax. abscess opened 7, 12, 13 days. 
Abscess on cheek opened, 13 day. 
Mild case, convalescent from 26 day. 

2. Submax. and parotid abscesses opened, 
9 and 15 days, respectively. Conva- 
lescent from 21 day. 

'3. Catarrh. Snbmax. and cheek absces- 
ses opened, 10 and 13 days, respec- 
tively. Parotid abscess opened 19 and 
21 days. Eoaring from 3-10 days. A 
severe case with swelling of face and 
■ succession of abscesses. Convalescent 
• from 24 day, 

4. .Submax. abscesses opened 8 and 12 
days, cheek and tcnnporal abscesses ope- 
ned, 9 and 12 days, respectively. Con- 
valescent from 19 day. 

5. Only symptom was pyrexia, but 13 
.. days after discharge from hospital 

readmitted with submax. a))scess. Con- 
vaieseent from 16 day. 

6. Gatarrb. Submax. abscesses opened, 

. .7' and- 11 days. Mild case, convales- 
cent from 1.8 day. 

7. Catarrh. Sulnnax. abscesses opened, 6, 

7 and 10 days. Mild case, convalescent 

; . from' 14 day. 

N-qT?. For cnscR t to a and I to 7, animals were selected 
at time of admiy.'iyju to JiOfpital. On each occasion 
. , two eases with j»yreila an<l riiibiuaxiilary swe- 
llinfr, with or without other symptoms, were 
picked out. Usually'- at tliia time both w^ere of 
about the sanu? severity but, .if any difference, 
the nioro severe one was taken for sulphanilamide 
treatment. 


Sargodha 

8. Sulphanilainide, three dose.s each of 82 
• gm. on 12 March, .15 March and 19 

April 1941. 

Strangles <,loveloped previt^usly, on 
2S January .1941. (.londition failed to 
improve, fe-d little ani.i had frequent 
colic. Condition thereafter rapidly 
deteriorated and was very poor when 
sulplianii amide wms vstarted on 12 .'March 
, 1941. Condition improved for a time 

and animal took normal feeds, but con- 
dition again deteriorated and colic 
reappeared. Animal became very dull 
and weak and was olT-feed. Died on 
7 M'ay 1941. P.ni: large abscess in 
lung and two small abscesses on pleura. 

9. Sulphaiulanud(.‘, two doses eacii of 82 
gm. on 4 April and 7 April 1941. 
Strangles dtiveloped on 27 January 1941 
but animal did not recover. Condition 
very poor and feeding little, when sul- 
phanilamide trcatnunit started on 4 
April. Condition thereafter improved 
and body weig}itincreaH<Kl. Divseharged 
cured. 

10. Sulplianii amide, three doses each of 82 
gm. on 17, 19 and 22 April 194.1, 

Fresh case. Heavy catarrh and feeding 
little. After treatment, condition im- 
proved. .Disclmrged cured. 

8. Had strangles on 12 April 1941 but 
did not recover. CotKiitioii . poor but 
feeding well. Died on 4 April. F.m: 
large abscess m lungs ; kidney ‘full of 
pus’. 

9. Strangles develop<}d on 29 jMarch 1941. 

Condition declined and horse was off- 
feed. Submax. abscess o])t'n('(l on 13 
April 1941. Appeared to b(‘ reeo\(‘ring 
and was feeding f/iirly wdi. Showed 
colic. Died on 24 May 1,941. F.m: large 
abscess in the intestines. 

Duration of Iwspitalkation, Fhe Vote- 
rinary Officer in charge at Mona (in 
June 1940) writes dn imtsi easies during 
administration of the drug absexfsses 
showed signs of absorption and in live cases 
they absorbed completely,' but in others 
they reappeared and had to 1 k‘ upfouMl 
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The period of treatment was thus lengthe- 
ned. In some cases abscesses became 
inultiple. Animals maintained their usual 
condition diiring treatment, only losing a 
little condition according to the severity 
of tlje attack and without relation to the 
administration period of the drug. After 
treatment, animals quickly regained con- 
dition except in those cases where absces- 
ses were completely absorbed. These 
were slow in picking up condition. In the 

doses used, sulphanil amide tends to 

suppress abscesses. The duration of treat- 
ment may be considerably shortened by 
maturing abscesses by normal methods and 
by using sulphanilamide after abscesses 
have been emptied. As used in the depot, 
the efficacy of the drug is most marked dur- 
ing convalescence. In larger doses, sul- 
phanilamide may perhaps sterilize pri- 
mary abscesses altogether’. 

In a non-fatal disease such as strang- 
les it might be thought that the length of 
stay in hospital would be an index of some 
value in deciding the efficacy of a treat- 
ment. Actually, for various reasons ob- 
servations on this point are said to be no- 
toriously unreliable. 

In spite of the above remarks of the 
Veterinary Officer, examination of the 
figures shows that in the present series 
there was no difference in the period of 
hospitalization as between suljphanila- 
mide-treated and control horses. Thus, 
from Tables I-III there were 43 treated 
cases and 42 untreated cases which reco- 
vered-excluding Nos. 8181 and ^8215 of 
Table I and Nos. 6077 and 6094 of Table 
III, severe cases which were hospitalized 
for exceptionally long periods ; the aver- 
age time spent in hospital by the treated 
cases was 34-5 days and by the untreated 
35*4 days. 

Body temperature. Gapt. Short, wri- 
ting of the 23 cases treated at Mona in 
1939-40, states : ‘During the 10 days’ course 
of treatment the temperature showed a 
tendency to come down in practically all 
cases and in some was normal after 
the first or second day and remained so 
throughout. In many cases it rose again 


after completion of the course’. Major 
Coulden, in regard to the cases treated 
at Mona 1941-42, slates : ‘The period of 
pyrexia was reduced b.v' a fevr days’. 

In Figs. 1-39 is reproduced the mean 
daily body temperaluee (ni'-'an of mo ruing 
and evening readings) of treated aniinals 
and their controls from the day of admis- 
sion to (in many cases) the day of dis- 
charge. It will be seen that in most cases 
the temperature falls within 7-10 days of 
admission without any snlpbanilamide 
treatment, so that the similar fall which 
occurs in the sulphanilamide -treated 
animals clearly cannot be ascribed to the 
drug. In certain eases, however, (Nos. 
.52, 50, 8188, 8251, 181, 44, 9964, 27, 66, 
8244, 8181) the early temperature fall in 
the treated animals is distinctly more 
abrupt than in the controls, so that Jiere 
we may agree with the .suggestion that the 
drug had some effect in depressing the 
temperature. 

In their general outline, the paired 
temperature curves may be grouped as 
follows: — 

(a) Oases where the control curve 
runs at a more or less constantly 
higher level than that of treated 
animals. 

Nos. 52, 50, 8188, 8251, 181, 44, 8066, 
27, 9964, 204, 97, 252, 33, 215, (Figs. 
ltol4). Total 14. 

(b) Oases where the temperature' curve 
of treated animals is at a higher level 
than the controls. 

No. 5975 (Fig. 15). Total 1. 

(c) Cases where on the whole there la 
little difference between the curves. 

■ Nos. 5352, 66, 32, 103, 8131, 8195, '5327, 
5341, 6040, 5359, 202, 6045, 6002, 
6087 8194 (Figs 16 to 30). Total 15 

(d) Cases where a relap.se during -stay 
in hospital cainod a second .rise, of 
temperature. 

(i) in experimental case.-; 

Nos. 8181, 8067, 8242, 8069, 8215, 

8168 (Bhgs. 31 to 36). Total G. 

Note— I n all these caso.s, the tomperatnrG 
of the control ran higher than the treated 
case during the i)erioci covered by tlie sulphu- 
nilamifle treatment. 
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(ii) in control cases 

Nos* 8190, 5358, 8148 (Figs. 37 to 
39). Totals. 

Noff* In these cases, the temperature of thei 
control and Its treated comrade were not 
dissimilar before the relapse. 

Not*. In all such case as (d), a resumption 
of sulphanilamide wo\ild be clearly indicated, 
(e) Ungrouped cases. 

Nos. 8081, 8217, 8176, 8244, 8226 

Total 5. 

Since it seems that for the purpose of 
assessing the influence of sulphanilamide 
on the temperature (a) and (d-i) can be 
combined, there are 20 cases — all of them 


at Mfma^where the drug can be said to 
favourable effect. In one case 
(b)~-at Sargodha — the drug was without 
effect and in 15 cases (c) — eiglit of them 
at bargodha — -the drug may have had an 
tempera iure, but if 
obvious on comparison 
with the control. The results of the 
larger senes of cases at Mona are thus 
Sargodlm^^'^ promising than those at 

w XI • , . Discussion 
We think it must be concluded that 
aulphaniiamide ig of some definite value 
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in equine strangles. This would appear 
to be proved by the effect of the drug on 
the temperature curve, noted by other 
authors and also independently in the 
present series of cases by ourselves and 
the Veterinary Officers on the spot, 
y There is also the evidence that the strep- 
tococcus of strangles is susceptible in vitro 
to the drug. It should be noted, however, 
that in strangles we are dealing with a 
streptococcus which has a pronounced 
tendency to cause suppurative changes; in 
the tissues, just the sort of morbid changes 
in which sulphanilamide is least likely to 
produce a dramatic effect. Granting, 
however, that the drug has some value, 
the question to be decided, perhaps, is 
how at the present time the sulphanilamide 
drugs should be used, since owing to the 
cost (prewar price of sulphanilamide in 
India was about 18 shillings per lb.) they 
could scarcely be given to eveiy affected 
animal. Certainly in outbreaks of the 
magnitude cornmonly encountered in re- 
j mount depots rigid selection of cases to be 
treated would be required, especially as 
half measures are likely to be of little 
value and an expenditure of at least 1 lb. 
of sulphanilamide is to be predicted for 
each adult horse. What is important is 
^ ^ that sulphanilamide should not be used in 

^.practice in a routine or stereotyped man- 
' ner. As Whitby [1939] has put it: ‘ Both 
clinical judgement and common sense are 
necessary to get the best effect with these 
drugs'. Admittedly, more information is 
required but in the circumstances it would 
seem best to reserve sulphanilamide (a) 
for young stock on stud farms, because 
they are valuable and the cost of treat- 
ment is relatively less ; (b) for strangles 
cases which are not running the normal 
mild course ; (c) probably most important 
for very early cases where there is a good 
chance of reducing fever, of inhibiting 
abscess formation and possibly of leaving 
behind a serviceable naturally acquired 
immunity. 

In any event the policy may be adop- 
ted of giving larger doses during the first 
two days and then continuing with smaller 


doses — but not less than 1 gm. per 10 lb. 
body weight — up to 10 days. It may also 
be advantageous to divide the daily dose 
into three or four parts instead of into 
two parts. 

In connection with (b) the widespread. . 
and careful use of the clinical thermome- 
ter should be urged. Officers should not 
leave the taking of temperatures in the 
hands of subordinates without firvst ascer- 
taining that they are able to record accu-- 
rately. It is particularly important that 
the bulb of the thermometer be introdu- 
ced as far as possible into the rectum and 
be in contact with the mucosa. Tempez’a- 
ture-recording should be continued for 
some little time after an initial attack, as 
a rise of temperature during this period 
may mean the onset of pyaemia. Unfor- 
tunately, we do not yet know just what 
influence the drug may exert on the pyae- 
mia complications of strangles, but as 
such complications are the main source of 
mortality it would be right to test the 
drug on such cases. At the same time, 
the possibilities of sulphanilamide as a 
local dre.ssing for abscess cavities, which 
are not closing with ordinary rapidity, 
might well be borne in mind. For this 
purpose the cavities should first be well 
opened up and thoroughly cleaned of pus. 

The words ‘at the present time’ 
(above) have been emphasized because 
production costs may come down and 
because, as Fleming [194-1] has pointed 
out, the field of therapeutics is expan- 
ding with the discovery of new sulphona- 
mides. One may with some confidence 
anticipate fche marketing of still more po- 
tent drugs, and also the elaboration of 
other very active antibacterial agents 
formed during the course of bacterial or 
mould growth. For instance, the product 
known as penicillin, which was obtained 
in 1929 by Fleming from a Fenicillium 
mould, has a bacteriostatic effect on hae- 
molytic streptococci 100 times as power- 
ful as sulphanilamide and 20 times as 
powerful as sulphapyridine. Moreover, 
penicillin is not inhibited by pus. Peni- 
cillin has now been considerably purified^ 
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and, as there are indications that the 
purified reagent is both stable and an 
intensely active bacteriostatic, its use in 
practice may well become more general. 
At the same time, success is being achieved 
in the preparation of other antibac- 
terial products from cultures of various 
bacteria belonging to the Bacillus and 
Actinomyces groups. 

As mentioned above, the sulphonamide 
drugs have a bacteriostatic effect aud it 
remains for the body ceils to complete the 
process of destroying the invading orga- 
nisms, If the efficiency of the foody cells 
in this respect can be augmented, the 
therapeutic results should be improved. 
Loewenthal [1939] has shown that in strep- 
tococcus infections in mice a combination 
of specific immune serum and sulplianila- 
mide is far more effective than either rea- 
gent alone. Now that Bazeley [1940-2, 
1942] has shown that a vaccine of some 
efficiency can be prepared from Str.equi, 
there is a possibility of increasing the 
resistance of horses exposed to vstrangles 
and the opportunities for chemotherapy 
may be correspondingly enhanced. 

One last point that may again be 
emphasized is the importance of strict 
rest for strangles cases, both during the 
attack and during convalescence. 

SUMMAEY 

Sulphanilamide is of some value in the 
treatment of oquiuo strangles. As would 
be expected from the nature of the disease, 
the results are not apparent in all 
oases. The beneficial effects consist 
mainly in a reduction of fever and pro- 
bably to some extent in the localiza- 
tion of abscesses. 

While the question of adequate dosage 
and duration of treatment is always im- 
portant, sound clinical Judgement is re- 
quired in using the suiphonamides. Thus, 


in outbreaks of strangles, sulfdianilamide 
might bo used on animals iu which the 
disease is not running the iiornialiy mild 
course. It would probably be stdi more 
profitable to ust^ the drug on very early 
cases when fever is a pronounced symp- 
tom. There is need for further properly 
controlled enquiry on cas(‘S selected as 
falling within these two categories. 

The possibility of combining sutphani- 
lamide treatment with improved methods 
of vaccination is a mutter for the 
future. 
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The available literature shows that 
avian piroplasmosis has been only rarely 
and doubtfully recorded in India, the 
earliest reference to the subject being that 
by Lingard and Jennings [1904] who 
claimed to have seen pyropiasms in the 
blood of the British breeds of fowls in 
this country. Since these authors have 
not mentioned anything about the mor- 
phology of the parasite encountered by 
them, it is difficult to judge whether they 
were actually dealing with what is now 
known as Aegyptianella piillomm Oarpano, 
or with some other haematozoon. The 
symptoms reported, such as anorexia, 
drowsiness, purplish comb, malaise and 
general indisposition, are also too general 
to be diagnostic of piroplasmosis and are 
common to many other poultry diseases. 

While studying spirochaetosis of im- 
ported and local breeds of fowls in Sudan, 
Balfour [1907; 1908—1,2 1909 and 1911] 
encountered an ‘ after-phase’ of the disease 
In birds from whose blood the spirochaetes 
had disappeared ; this phase^ was charac- 
terized by the appearance in red blood 
corpuscles of rounded intra-corpnscular 
bodies, which, he thought, might be latent 
forms of spirochaetes. The nature of these 
bodies and their relationship to spirochae- 
tosis have been the subject of much discus- 
sion, but they have since been definitely 
identified as a species of poultry piro- 
plasmandin 1929 Oarpano designated them 
as Aegyptianella piiUorum. Earlier wor- 
kers on avian spirochaetosis in India 
[Reaney, 1907 and Montgomery, 1908] do 
not seem to have encountered ‘Balfour’s 
bodies’ (or an after-phase of the disease) 
but Knowles, Das Gupta pd Basu [^27] 
recorded the occurrence of these bodies in 
birds recovered from experimental infec- 
tion and also in healtby fowls iJurchased 
from the Calcutta bazar where the natural 
infection of the disease did not exist. These 


authors dismissed the intra-eorpuscular 
bodies as products of ‘Karyorrhexis of the 
erythrocyte nuclei, poisoiied by the toxins 
of the disease ’ and the mortality appa- 
rently associated with the occurrence of 
these bodies was ascribed by them to 
‘crowding of the fowls in cages and much 
handling of them by sweepers and labo- 
ratory attendants.’ In a more elaborate 
communication, these authors [1932] re- 
ported further observations in support of 
the foregoing theory and claimed to have 
produced similar bodies in the red blood 
cells by injections of toxic substances like 
phenyl hydrazine and benz.yl benzoate. 
They did not, however, explain the spon- 
taneous appearance of these bodies in the 
absence of spirochaetes and do not seem 
to have noticed Oarpano ’s [1929] work. 
The work of Knowles, Das Gupta and 
Basil, however, led Hutyra, Marek and 
Manninger [1938] to consider the aegyp- 
tianellosis of fowls to be indigenous to 
India. 

The present jiaper deals with the writer’s 
observations on piroplasmosis of bpth 
imported and indigenous breeds of foMs 
in the Punjab. 

Peelimiktary observations 

At Hissar in May 1940, the writer wa^ 
called upon to treat an one year old White 
Leghorn hen*, which was dull and off food 
since the previous day. On examination 
the bird was found to be samuolent, with 
a pale comb, ruffled feathers and body tem- 
perature at 108-0'’ P. ; its droppings were 
watery and dark green in colour. A few 
larvae of Argas persicus were prisseiit 
under the wings arid around tlic3 cloaca. 
Microscopic examination of a blood smear 
stained by Giemsa’s moiliod showed fre- 
qnent tangles of Spirocluieta nnsermum 

“ Tliia :bh‘d nad ot.hei’S of tho same breed raeutioiied 
in the following pages belonged to a Hock which had lived 
for several genoratious in India. 
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and rare intracorpusciilai* bodies, resemb- 
ling tiiose described by Balfour {loo. cit) 
from Sudan; no anaemic changes were, 
however, noticed. A diagnosis ^ of spiro- 
chaetosis was made and an injection of 
soamin (1*5 grain in I'O ml. of distilled 
water) was given in the pectoral muscles. 
The fowl house, in which this bird 
had been kept, was found to be heavily 
infested with A. persiciis, in all stages of 
development. About 200 adult specimens 
of the tick were collected for transmis- 
sion experiments, and the rest were des- 
troyed in their natural habitat by means 
of a braziers' lamp. Two days after 
the injection, the hen was seen again 
and found to be bright and apparently 
normal ; and its temperature had come 
down to 106-0'T'^. M’icrosoopic examination 
of blood smears revealed no spirochaetes, 
but ''Balfour's bodies’ were present as on 
the first day. A second intra-muscular 
injection of soamin (one grain in 1-0 ml. 
of distilled water) was given, and blood 
examined after the lapse of another day; 
^Balfour's bodies ' were still present as 
on the first day. On clinical grounds the 
bird wns considered to have been cured. 

Blood smears from some other adult 
birds of the same dock were examined and 
found to contain similar intra-corpuscular 
bodies in small numbers and un-accompa- 
nied by clinical symptons. Subsequent 
examination of the indigenous fowls at 
.Hissar, Ivasnr and Lahore resulted in 
similar findings. 

On closer examination the intra-corpns- 
cular bodies were found to be of two kinds ; 
(i) medium-sized to large round bodies and 
rings (1*2 to 4-0!ii), which wmre present in 
small numbers — one in about ten fields, 
and which appeared to divide by breaking 
up into small granules (schizogony) in 
the^erythi-ocytes ; and (ii) small ring forms 
(0*7 to which were somewhat more 

frequent than tliose of the first kind and 
whicli aijpeared to divide by budding or 
binary fission, one, two or four being in 
each erythrocyte. The larger bodies of 
the first type are morphologically indistin- 
guishable from A. imllonmij and the 
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smaller bodies of the second type boar a 
close resemblance to t.h<‘ lia,c-rnatozoon 
described by rh)!es [HhlTj from the Arriiv- 
rican and African fowls, from wlrn?li, how- 
ever, they differ in that more* tliaii two 
niaj" be present in a single (;rythrocyte, 
while tlieir mode of division clearly diif<*.- 
rentiatevs tliem from smaller rings of A. 
puUorum. The specitie identity of this 
parasite is being studied separately and 
in the rest of this paper it will be referred 
to as ^ Coles’ haematozoou.'’ 

Tkaksmission 

The transmission ox}n*rimonl descrilu'd 
below urns carried out mainly to rocov(‘r a 
strain of A. puUoruni from ticks pia'snnu'd 
to be infected with this parasite*. ^ b\)r 
this purpose, a s<'areh was made* at llissar 
for clean fowls, but, at lir^t, this searcli 
appeared to be Cj[uite fiiiih; because* Ar/ja.s 
was very common in the I'owl housi's. 
Later, however, a, tick-fr(*(! fowl house was 
found in which a iargt* nuinl)er of six to 
eight week old White Lf*gh()rn chickens 
were kept. Their lilood was free from /I. 
pullorum but a f(wv ‘ Coles’ iiaematozoa, ’ 
were present in nearly all of them, in 
the absence of absolutely clean birds, two 
six-week old chickens of this jot W(*rt* 
employed for the transmission <‘xperinu‘nt.- 
_ Two hundred adult fowl ticks (.1. per- 
sicus), collect'd from au infccled fowl 
house, were divided into ihre(* nearly equal 
groups and each group wa-s k(*))t overnight 
ill a large glass jar wutn the two chickens, 
during three successive tiights (2-5 June?, 
1940). A perforated card boa r<] disc placed 
at the bottom of tin* jar provided a ])}at- 
form for the chickens to stand upon and 
at the same time enabled the ticks to hide 
under it; the mouth of tho jar was coven'd 
with a piece of muslin. On tuMdi suceetal- 
ing morning nuin(*rous snuill blootl clots 
were noticed on the h'gs of the (diiclo'us, 
indicating thai th(; thiks had feui on tlipin. 
Three days after the lirsi batch of ticks 
had fed, one of the ehie.kens (Chickeji 
No. 2) receiv(id, inliai muscniarly, {)'7;> c.<*.. 
of blood direct from a h<*ai showing fro- 
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Fig. 2. Scliizout of A. pullorum in a red cell in 
the blood of a chicken 
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qnent in its blood,* Both tliese 

chickens were kept in a tick-free cage 
and their blood examined daily. 

On 8, 9 <J line botli the chickens were n oticed 
to be somnolent, their temperature had 
risen to 109*2° F. and 108*4° F. respec- 
tively, and their blood showed frequent 
spirochaetes. The erythrocytes showed no 
A. pullorum, butlOoles^ haematozoa’ were 
present in small numbers. After this, the 
chickens could not be examined until 12 
June when they were found to he brighter 
and feeding well, their temperatures being 
106*0" F, and 105*8° F. respectivelj^ They 
had, however, become markedly emaciated 
and their combs were very pale. Blood 
examination showed, neither spirochaetes 
nor Aegyptianella. They were considered 
to have recovered from the primary attack 
of spirochaetosis. 

On 16 June (i. e. 14 days after the first 
batch of ticks had fed) the blood of both 
the chickens showed frequent A. puXlorimi 
with ‘ Coles ’ haematozoa ’ as before. A 
week later, A. pullorum became numerous 
in each field and continued to persist in 
large numbers until death. Symptoms 
and blood changes associated with this 
infection are mentioned below. The 
chickens in the flock, from which these two 
were taken, ^ remained clinically liealtliy 
during this period and also during the 
rest of that summer. 

The foregoing results are liable to be 
regarded as having failed to establish 
conclusively that A. pullorum was trans- 
mitted by A. persicus, inasmuch as the 
cage, in which the experimental chickens 
were kept, was not proof against other 
biting arthropods (e.g. mosquitoes) whilst, 
as already mentioned, one of the chickens 
had, in addition, received an injection of 
infected blood. However, in view of the 
experience of previous workers [Bedford 
and Coles, 1933] and the appearance of 
A, pullorum in peripheral blood after the 
lapse of an incubation period of 14 days, it 
seems highly probable that tick bites were 
the source of infeetion in these chickens. 

* Subaequont obaorviiutlons slioweti that this injeetion 
did not havci any effect on the course of the disease in this 
chicken as coni.pared to its companion. 


Bedford and Coles [1933] have experi- 
mentally established that Argas persicus 
can transmit aegyptianellpsis to healthy 
fowls with an incubation period of 12 to 
15 days and that the ticks may remain 
infective for at least 162 days. 

The presence of Coles’ haeniatozoon in 
fowls living in tick-free fowl houses 
apparently shows that it is transmitted by 
an agent other than Argas. Coles [1937] 
also recorded this parasite from the vici- 
nity of New York where, according to him, 

was not likely to occur. 

Symptoms akd blood chattges 

It will he seen from what is stated 
above that piroplasms (A. pullorum and 
Coles’ haeniatozoon) do not, as a rule, set 
up any appreciable symptoms in adult 
indigenous fowls or adult fowls of the 
White Leghorn breed which had lived for 
several generations in India. In the blood 
of these adult birds the piroplasms exist 
in small numbers. In the case of one bird 
an attack of natural spirochaetosis did not 
resuscitate the piroplasms j this disease 
was, however, treated quite soon after its 
appearance in the bird. 

In the case of two six weeks’ old White 
Leghorn chickens which showed A, pullo- 
rum following tick bites, clinical symptoms 
associated with the infection were studied. 
Both these birds first suffered from a 
mild attack of spirochaetosis which they 
survived without any treatment. A. pullo- 
rum first appeared in their blood 14 days 
after the first bites of infected ticks. At 
this time the only symptoms noticed were 
slight dullness and anorexia. Blood exa- 
mination at this stage revealed 43 per cent 
of erythrocytes to be infected. A week 
later, sleepiness, dullness, emaciation and 
anaemia became well marked and the 
appetite capricious. The comb was quite 
blanched and the blood when drawn out 
of a needle prick was noticed to be dis- 
tinctly watery. Body temperature showed 
a constant rise by 1*0° F. or so. Micros- 
copic examination of blood revealed a 
heavy infestation of the red blood ceils 
(60 per cent)^ with merozoits, small and 
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large riugs, and ^ rosette ^ forms of A. 
p%illorw)i. Tlie er.vt'iirocyte.s sliowed dis- 
tinct poJyclironiatia hut it was notable 
that only the noii-ini‘ected red cells had 
nndergoJie this cliatige. Ooles’ baematO” 
zoon was also |)]'es(nit in small .numbers 
and seemed to have iindorg’one no appa- 
rent change in numbers as a rc^siilt of the 
bites of infected ticks. The symptoms 
described above, particularly anaemia and 
emaciation, progressed till death occurred 
27 days after the first appearance of ^4. 
pullomm ill QUQ case and 30 days in the 
other. Diarrhoea was noticed two days 
before death. No signs of paralysis were 
noticed in the legs or wings. 

It may be mentioned "that mortality 
from aegyptianeliosis has been also re- 
corded from many other countries. 
Carpano [1929] originally described ruffl- 
ed feathers, fever, loss of appetite, drowsi- 
ness, paralysis and death as symptomatic 
of the disease among the imported fowls 
in Egypt. A fatal form of toe disease 
was also re^jorted by Donatien aiid Losto- 
quarcl [1931] from Algeria, Gillain [1935] 
from Belgian Congo, Debonera [1933] 
from Greece and Yakimoif [1933] from 
the U. S. S. E. Coles [1933] described loss 
of appetite, dejection, diarrhoea and some- 
times icterus as symptomatic of the 
disease in young chickens which had 
bfecome infected during the first feiv days 
of life. Paralysis and fever reported bv 
Carpano [1929] as characteristic of the 
disease were not noticed by the writer. 

The' factors governing the pathogeni- 
city of A. piiUorimi do not ajjpear to be 
properly understood, but age and immuni- 
ty, possibly due to contact with A. per si- 
ci^sseenito play some part in its deter- 
mination. Thus, fowls imported from 
countries free from Argas, and among 
them the younger birds, appear to suffer 
most. 

POST-MOETEM APPEAEAFOBS 

The carcases of both the chickens 
showed similar anatomical changes. 
There was a well-marked thinness of 
muscles and general anaemia ; the body 
cavity contained a slightly blood-tingecl 


serous ilnid and its walls were sparsely 
pet(HdiIate<l ; Ihe sp!(‘eii was (o.ilargod to 
about three Uttios ils normal size, its 
pareiiebyma ixnng jmi'plish in colour; liu.* 
liver was also <Milarged aiid appeared to 
be mor<‘ fi-iabio; ihe pf'ricardial -'ac inni- 
taiued a slightly bltnul-iingcd Iluid uiul the 
epicardium showed a Jew p('t(sliia{‘ ; and 
the alimentary canal sliowed nothing un- 
usual. Smears of lieart bloml showed 
numerous A. puUonim (SG per cent ery- 
throcytes were infected) and an almost 
similar infestation was found in smears 
from the lungs, liver and s])leoii. Poly- 
chroniatia was nodcvable in all the smears. 
Coles [1933] has mentioned icienis as one 
of the ehauges in his (-ases, hut this change 
was not obsm'V(‘d hy lh(‘ pn'sent winter. 

Teh: AT ME NT 

During tlie trealnieut of tlie first 
White Leghorn h<ni for spiroeliaetosis 
{supra) it was nolicial tliat an intramus- 
cular injection of soamin (1-5 grain) did 
not have any effect on A, piUlorum or 
Coles’ haematozoon, all hough the treatment 
caused the disappsairaiice of Spiroahaeia 
anserinum. A second injection of soamin 
(1 grain) given to the same lien two elays 
later also failed to have any effect. 

According to Hutyra, Marek and Man- 
ninger [1938], Stovaraol in doses of five 
centigrammes per os has a favourable 
effect on anaemia, alth(.mgli it does not 
kill the parasites (A. pullorum). Dona- 
tien and Lest<.)qiiard [1934] studied the 
effect of Stovarsoi, Goiiacrine, Trypan 
Blue and Icthargan on affected pullets. 
They found that Stovarsoi was useful in 
cases of anaemia only and among the other 
drugs Icthargan was ilficucioiis only after 
a second injection. In tlie liamls o\‘ (Juras- 
son [1938], however, two intra-musciihir 
injections of Goiiacriin-s gave the best 
results. On the wliole, thei-efoin^, the 
position regarding the cliemothera^iv of 
aegyptianeliosis must bo regu,rd(H.l as 
unsatisfactory. 

SUMMAEY 

1. The occurrence of Aegi/tianella 
pullorum Carpano and of a huematozoon 
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resembling that described by Coles [1937] 
ill fowls lias been recorded from nortliern 
India. 

2. These liaematozoa did not appear to 
set lip any appreciable disease symptoms 
in the adult indigenous fowls or acelima- 
tized imported breeds. 

3. In an attempt to experimentally 
recover A. pullorum from naturally infect- 
ed ticks ( A rgas persicus ) , two Leghorn 
chickens were exposed to the tick bites. 
These birds suffered from a mild attack 
of spirociiaetosis on the 6th day and re- 
covered; on the 14th day they, however, 
showed A. p^iUonim in their peripheral 
blood. 

4. The symptoms shown by infected 
chickens were a progressive anaemia and 
emaciation, slight rise of temperature, 
dullness, diarrhoea and death in about four 
weeks’ time. The main post-mortem 
findings were : the enlargement of the 
spleen and liver, petechiae on the seroip 
membranes, slightly blood-tinged fluid in 
serous cavities and cachexia. 

5. Coles’ haematozoon did not appear 
to set up any disease symptoms in fowls 
and circumstantial evidence showed that 
this organism was probably transmitted by 
an agency other than the* fowl tick. 

■ 6. Soamin, in the usual doses employed 
for the treatment of spirociiaetosis, was 
found to have no effect either on A. pul- 
lorum or Coles’ haematozoon. 
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FEEDING VALUE OF FUZZY AMERICAN COTTON SEEDS AS COMPARED 
WITH DESI COTTON SEEDS FOR MILCH BUFFALOES 

By r. E. Lander, M.A., D.Sc., Agriculiurn) Cln'iiiirtt to 

G-Dveriiinejit, Pniija]) tnid Lad Ciiand Diiarmahi, Lag., B.Sc. (Agri.), A.Tl.l.C., AHsisiaiit 
to Agrioultural Cliemist to Goverumeiit, Puiijub, Lyall])!it‘ 

(Eecoive-l for piTblieation on 7 March lf)44) 

There have been in the past and there The results of siniilar work earriiMl out 
still are to-day many prejudiees amongst on milch cows are recorded in tiie progress 
zemindars against using fuzzy American report of the scheme for studying tin* 
cotton seeds' as a feeding* stuff. These nutritive requirements of miicJi (*ows in 
prejudices may briefly be summarized as the Punjab foi* the year 1943. 
follows; ' These results indicat<i that none of 

L ' Fuzzy cotton seed is low in fat in com- the prejudices oimnuirated above can^ be 
parisoii with nak('d seed, and corise- substantiated as rc'gards heib'rs and milch 
qiieiitly the out]nit of ghee from buffa- cows. Correspondingly thi)S{‘ prejudiees 
toes fed on it is reduced. which might be eNpeete<l to apply to working 

2. This seed is considered to be indiges- bullocks have similarly ))cen shown to Ih‘ 

tible or harmful to the digestive sys- without foundation. It is unfo!*iiinat(.‘ that 
tem of animals. in spite of this work these prejudices still 

3. Fuzzy seed has a smaller keimel than exist. _ Oiu* of the results is that llie mar- 
other cotton seed and this reduces its ket price of fuzzy American cotton seeds 
nutritive value and adversely affects has been, and still is, lower than that of 
the fat content of the milk produced. naked dest seeds. This is a matter of 

4. It rediioes the quantity of milk secre- considerable economir; imporianei? to cotton 

ted. growers, and is one which hfis been pxmmi- 

5. Some people go so far as to say that nently- before the Indian Central Cotton 
the teats of milch animals become Committee. This body recently considm*ed 
clogged np if they are fed on this seed it desirable that further work should be 

for any length of time. done on this problem using niileli buffaloes | 

6. Its food value is lower than that of other in order finally either to dispel or to 

cottonseed. substantiate the prejudices in question, 

7. Cattle do not relish the seed because The Indian Central' Cotton Committee 

of its fuzziness. therefore finaneed during tlu' y(;ar 1942-43 

Work has been carried out at Lyallpur a scheme of work which lias b(‘eji conduct jd 

in the past on heifers with various types at Lyallpur and whicli is described -r - 
of cotton seeds including the fuzzy below. 

American types. The results of this work Twelve milcli bnffalo(‘s of, as far as 
have been X->T-il^Fslied in the following possible, approximately equal weights, tln^ 
papers: — same age and otlierwise similar were 

(i) Memories of the Department of used. These were divided into iliiani groups 

Agriculture in India, Chemical Series, of four each, dcisignatetl as groups A, B 
Voi. X, No. 6, November, 1929. and C. Group A was j'ed fuzzy American ^ 

(ii) The Indian Journal of Veterinary cotton seed, group B delinted American 
Science and Animal Husbandry, VoL cotton seed and gj*oiip C drsi cotton smal. 

Y, Part IV, December, 1935, pages The work was s( a rted on November 1 1942 
343-349. and ended on 31 October 1. 943, ’ 
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Animal 

Nos. 

No. of 
Lactation 

Date of 
calving 

Date of 
service 

1 

IV 

23-9-42 

18-6-43 

2 


6-10-42 

17-7-43 

3 


■29-9-42 

22-8-43 

4 

1 

12-10-42 

8-6-43 

5 


23-9-42 

15-5-43 

6 


15-9-42 

8-6-43 

7 


18-9-42 

30-8-43 

8 

. 

22-8-42 

15-9-43 

9 

V 

2-9-42 


10 

IV 

15-9-42 


11 

III 

3-9-42 

2-4-43 

12 

24-9-42 

8-7-43 


Table I : 
Particulars of the buffaloes 


Average body -weight 


Milk yield per lactation in lb. 


Nov. ’42 


1275 

1282 

1356 

1254 

1280 

1220 

1199 

1295 

1209 

1374 

1364 

1226 


1271 
1358 
1379 
1338 
1482 
1310 
1239 
1324 

1272 
Died 
1396 
1245 


I 

II 

III 1 

IV 

4362 

4790 

5554 

5654 

3823 

4473 

4166 

3334 

4805 

5480 

5860 

7207 

4725 

4844 

4261 

5671 

3835 

2459 

5128 

5053 

4503 

4623 

4445 

5019 

1973 

5319 ‘ 

4727 i 

7681 

4|65 

3509 

3215 

4259 

4738 

4556 

4094 

3689 

3259 

4757 

5113 

Died. 


3841 


4961 


4191 

4700 I 

5698 


Table I shows particulars of tlie buffal- 
loes, including the total milk yield per 
lactation in lactations Nos. I, and III 
before they were purchased, and in lacta- 
tion No. IV, during* the experimental 
period. The animals arrived at Lyallpur 
on 29 October 1942, having calved at 
various dates in September 1942. 

Table II 

Average daily milk yield in lb. and average 
fat percentage of different groups of ani- 

^ 7 7 • . ..7 ..‘j;./;,. ... A f. /if xipfir 


Name o.f months 


1942 

November 

December 

1943 
Jaiuuiry 
Dobruary 
M.'irch 
April 

May 

d une 

July 

August 

September 

Ootoi)f!r 


tbs 

Milk Yield in lb. 

Fat percentage 

ft 

o 

u 

o 

Group B 

Group G 

<1 

ft 

o 

Group B 

a 

o 

u 

cis 


20-9 

19-0 

20-1 

7-7 

7-1 

7-4 


20-3 

20-4 

21-6 

7-9 

7-3 

7-8 


20-1 

21-8 

21-1 

8-1 

7-7 

8-4 


19-4 

20-2 

19-9 

7-8 

7-4 

7-7 


18-7 

19-3 

18-2 

8-0 

7-6 

7-8 


17-0 

17-8 

16-3 

8-1 

7-6 

S-2 


15-() 

16-8 

14.-6 

8-0 

8-4 

9-0 


13-7 

13-2 

12-6 

9-0 

8*6 

9-1 


12*5 

11-3 

10-7 

9-4 

8-9 

9-4 


13-4 

10-6 

9 8 

9-4 

9-1 

9-6 


10-7 

8-4 

(>•6 

9-4 

9-2 

9-6 


S-5 

8-7 

4-6 

9-4 

8-8 

■ 9’2 







: — 



' Group A==289.P (.fuzzy cotton seed) 
Group (deliuted cotton seed) 

Group G—Dcsi cotton seed 


Table II shows the average daily milk 
yield in lb. and average fat percentage of 
different groups of animals during diffe- 
rent months of the year. 

Reference to Table I shows that during 
the period of the trials the body weights 
of the animals remained quite normal. 
Reference to Table II shows that with one 
or two exceptions the milk yields during 
the experimental lactation period were 
greater than during the previous lactations 
(Buffalo No. 2 fell sick on arrival at Lyall- 
pnr and later on her calf died, hence the 
fall in total yield of milk, and buffalo No. 9 
was in calf" when purchased and ceased 
giving milk in the month of May) . Two 
conclusions may thus immediately be drawn, 
namely that neither the body weights of 
the animals nor the milk yields suffered. 

The first line of attack was to ascertain 
the maximum amount of the various types 
of cotton seeds which the animals would eat, 
and to correlate the figures obtained with 
the seven contentious set out above, and to 
study the ghee produced from the milk. 

Groux) A was fed K25/289P fuzzy 
American cotton seed. 

Group B was fed K25/289P delinted 
American cotton seed. 

Group 0 was fed desi cotton seed. 

During the. experimental period all the 
animals received the same green fodder and 


Average results of the analyses of the ghee (butter fat) prepared during different months of 
the year from different groups of buffaloes 
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B/ E. LANtefe, AND L BharMai^i 

dry rough-age. Maize fodder was given at 
the rate of ISO lb. per head per day with 


about 5 lb. of wheat hliusa during November 
and December, 1942. From January to 
May, green berseem was ted and then till 
the end of tlio experiment, maize. The 
amount of hhusa given per day remained 
about the same. In addition to the above- 
mentioned roughages, all the animals were 
given as much cotton seed as they could eat 
together with 1 lb. of ground gram and 1 lb. 
of wheat bran per head per day. The four 
buffaloes in group A ate regularly approxi- 
mately 6 lb. per head per day of cotton seed 
throughout the period. Of the four buffa- 
loes in group B, two ate 81b. of the 
delinted cotton seed (K25/289F American 
cotton seed) per head per day whilst the 
other two would not eat more than 4 lb. 
per head per dajn The animals in group 
0 ate up to .8 lb. of the seed per head per 
day on an average although animal No. 11 
ate as much as 14 lb. of desi cotton seed 
per day for about six weeks. One animal 
ingroup 0, No. 10, unfortunately deve- 
^ loped mammitis in November, 1942, and 
died on 16 January 1943, of toxemia. 
With this exception, all the animals main- 
tained, normal weight with slight increase 
throughout the period under report. Their 
health was excellent and the milk yield in 
every case normal. 

All thi’ee types of cotton seed were 
soaked in water for half an hour or so 
before being fed. 

Comments on the nature of the ghee 
produced will be given later. A sample 
‘ of ghee -was made from the milk of each 
animal each month during the course of 
the experiment except April 1943, when 
the buffaloes were inoculated against T. B. 
The results of the analyses are shown in 
Table HI. 

As a result of these and previous inves- 
tigations the following conclusions may be 
drawn on the seven contentions mentioned 
above ; 

1. The statement regarding a lower fat 
content of fuzzy cotton seed is not 


correct, as may be seen from the 
statement of chemical analyses of the 
various cotton seeds (Table IV)'.' 
There is no truth in this contention 
and the output of milk or ghee from 
buffaloes fed on fuzzy cotton seed 
was not reduced. 

2. The fact has been deduced from these 

trials that fuzzy cotton seed is more 
digestible and contains mo i’e;‘ total' 
digestible nutrients and more digesti-' 
ble protein per 100 ib. of seed' than , 
naked cotton seed. ■ • > 

3. From what has been said above, this^ 

is obviously not true. - : • ? 

4. From the records of - the milk- yields p 

it will he seen that there • is iio Iruth. 
in this contention. 

5. In regard to this contention, on,e~of’ 

the animals in group A suffered 
from slight mammitis for a . shorf 
time but completely' re cover edi 
although the feeding regime remaihed, 
the same.^ On the other hdnd, 6ud 
of the animals in group. C suffered 
and ultimately died 'frond toxeinia'; 
Mammitis is not an uncommon oQC'hpj 
rence and may occur in any. anlmkll 
and in this case appears to’ have 'had 
no traceable relationship; with 
ration. 

6. It has already been pbinted'.' out th^t 

in these experiments the ..food iyaluS 
of the fuzzy cotton seed ;was higher; 
than that of the other cotton seed’,- 
and not lower. This fact had pre- 
viously been ascertained' hyrAvork 
on heifers and from the results of 
similar works carried out on hailcii 
cows recorded in the progre.s;s report 
of the scheme for, studying the 
nutritional requiremehts’ ' Of ,the 
milch COW'S in the Punjab forMhe 
year 1943. , . ' • 

7. This is entirely nnsnpp’orted from'j;H4 

evidence gained in these experiments 
and previous work on milch ' cp-vy^ 
and heifers. -r;.;,! 
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Feeddmg Value of Vuz^y American Cotton Seeds 
I'able ivi 

Chemical composition of various cotton seeds 



1. 

Fuzxy American cotton seed K 25/ 

I 7-0 ' 

93-00 

4‘63 

19-28 

26-50 

16-38 

26-21 

75-26 

10-12 

6-1 













». 

Delinted American cotton seed K 

6-50 

93-50 

487 

18-70 

22-90 

17-70 

29-33 ■ 

78-70 

10-80 

5-9 


25/28&F. 









8-10 ' 


3. 

Desi cotton seed . , . . 

6-98 

93-02 

4-93 

17-54 

21-50 

15-SO 

34-05 

73-90 

8'8 



At the end of the experiment 






1. 

Fussy American cotton seed K 25/ 

gg0J1^ ; 

5'90 

94-10 

4-80 

19*30 

26-52 

.16-40 

27-08 ; 

75-26 

10-12 

6-1 

% 

Delinted American cotton seed K 1 

5‘50 

94-50 

4-90 

18-70 


17-70 

30-15 

73*70 

10-80 

5-0 


25/289P. 








8-6 

3. 

Desi cotton seed ,, 

6-00 

94-00 

, 4.95 

17-54 

21*50 

15-20 

3-1-81 

73-90 

8-10 


The above discussion should set at rest 
popular objections, and it indicates that 
there is no valid reason for the prejudice 
which gave rise to the conduct of these 
trials. Some people may still opine that the 
taking into an animal’s digestive tract of 
a considerable amount of lint every day 
must be deleterious, but they overlook 
the fact that the animal’s digestive system 
deals with it and digests it, and in any 
case the experimental animals definitely 
did not suifer in any way. 

The' technical aspects relating to the 
ghee produced from the milk may be con- 
sidered under two headings : 

1, The general impressions formed con- 

cerning the ghee produced from the 
milk of buffaloes fed on cotton seed by 
those who have used it. 

2. The scientific data relating to the 

composition of the ghee in compari- 
son with the standard specifications 
laid down by Government. 

In regard to the qua lity of the milk, 
ghee and butter produced from the fuzzy 
cotton seed fed group, it has not been 
possible to distinguish, by consumption, 
any difference in taste or palatability 
from similar produce made from the milk 
of buffaloes fed different rations. 

In March 1943, samples of ghee and 
butter made from the milk of American 


Table y 

Summary of opinion of members of the 
Indian CfAitral Colton Committee on 
the samples of ghee 


Sample A=s(leai cotton seed fed animals 
Sample B-'-sfuzzy cotton seed fed animals. 


Gill & Co., Bombay . ♦ 


Sir Porshotam Das Tha- 
kurdas, Bombay 

Sir Sorab Saklalvala, 
Bombay 

Eao Bahadur Thadani, 
Director of Agricul- 
ture, Sind 


S. R. Pococfc & Go.,, 

Cawnpore 

Sir Oliuni Lai V. Mehta, 
Bombay 


Sir Olmni Lai B. Mehta, 
Bombay 


0. Maya Das, Director 
of Agrieirlture, U. P. 


Ghee and butter ate ont- 
stancling and flavonr supe- 
rior 

No diHeronce in them 


Both the samples of ghee are 
good 

Both the samples of ghee ami 
that of butter are good. 
Feeding of American (iot- 
ton seed does not produce 
any deterioration in (piali- 
ty of ghee and butter 

Sample B considered better 

Sample A bettor than sample 
B. Butter smell not good. 
The bottle containing btit- 
ter got damaged dm-jng 
transit 

No tangible difference bet- 
ween the two samples. A 
gave better taste. B gave 
unusual smell 

Sample A better, B too oily 


P, E, Landee and 

fuzzy cotton seed fed animals and desi 
seed fed animals respectively were sent 
to 20 members of the Committee to 
afford them an opportunity to form their 
own opinion. Eight members replied, 
and the g’eneral consensus of opinion 
summarized in Table V shows that the 
ghee from the fuzzy cotton seed fed ani- 
mals was preferred. The samples were 
despatched to certain parts of the country 
when the weather was becoming warm 
and in some cases the butter did not arrive 
in as sound a condition as might have been 
hoped for. This was perhaps the result 
of faulty packing. The balance of evidence 
wa;s in favour of the fuzzy cotton seed. 
Scientific data regaeding the ghees 
Table III shows the complete analysis 
of the ghee made from the milk of the 
respective groups of animals throughout 
the year. In March 1943, a composite 
sample of ghee made from the milk of 
the animals of each of the three groups 
was sent to Sir Sorab Saklatvala of Ihe 
Tata Oil Mils, Bombay. Their Chemist 
found that his Polenske values were 
somewhat lower than the corresponding 
Lyallpur figures. lu this coimection it is 
interesting to note the correlation which 
should exist between the Reichert Meissl 
values and the Polenske values as given 
on page 379 of Vol. II, Oils and Fats of 
Allen’s Commercial Organic Analysts B,xid 
the corresponding correlations in these 
values as seen from the Lyallpur analysis 
and the Tata analysis respectively. 

The analysis of the ghee sent showed 
certain deviations from the Goveumment 
specifications, which have been kept within 
rigid limits to safeguard the public. 

There appeared to be nothing in the ana- 

Ivtical figures to show that the ghee made 
froiiiNhe milk of the fuzzy and naked 
cotton seed fed groups of animals depart 
from normal to any extent which would 
constitute an argument against either. 

Summing up, these trials have shown 
that the prejudice against Lizzy 
seed is unfounded, and the _ buffaloes fed 
on the rations indicated did not sulf®? 
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Table 'TI 


Correlation between Reichert Meissl values 
and Polenshe values 


Allen ’s eommer- 
cial organic 
analysis 

Lyallpur figures 

Figures obtained 
by the chemist 
of the Tata Oil 

Mill 

Eoichert 

Meissl 

values 

Polenske 

values 

Eoichert • 
Meissl ■ 
values 

Polenske 

values 

Eoichert 

Meissl 

values 

Polenske 

val«®i. 

32 

3*5 

35 

24 

31 

1-g 

31 

3-2 

34 

2-1 



. 30 

1 3-0 

34 

1-9 



29 

2-9 

31 

1*9 



2S 

2-7 

31 

1-5 



27 

24 

30 

14 



26 

2*0 

29 

1*7 



25 

1-8 

27 

14 



24 

1-7 

23 

0*9 



23 

1*6 

27 

1'3 




on that account (the animal which died 
was a desi cotton seed fed animal) and 
neither the quantity nor quality ot the 
milk or ghee depart from normal to any 
extent which could cenoeivahly be held to 
be an objection. This evidence, and the 
published record of previous work on cows 
with cotton seed and cotton seed cake 
should be brought to the notice, in some 
aiitlioritative way, of the zammdar com» 
iiiiinity in India. 

The authors wish to take this oppor- 
tunity of thanking the Indian Central 
Cotton Committee for providing the funds 
for this work. 
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PROTEINS FOR CHICKENS . . 

By A.J. Maodofald aiul S. Bose, Poultry Besearcli Section, Iniperial Velorinary 
Eeseareli Institute, Izatnagar 


(Eeceived for publication on 20 June 1944) 



Ik earlier experiments, Macdonald 
[1943 concluded that meat offal (intes- 
tines) can he used as an effective sub- 
stitute for milk in the ration of chickens. 
;j^s,in„many partiof the country separat- 
ed and other milk products are relatively 
expensive';; it was decided to carry out a 
further comparison in order to test 
the relative values of meat offal and sep- 
arated milk, As cereal. diets without pro- 
tein supplements normally result in high 
mortality when fed to young chickens, and, 
as in previous experiment, a cereal diet 
supplemented with salt, green food and 
calcium gave comparatively low mortality, 
the neiy experiment was designed to throw 
more light on the value of common salt in 
the diet of birds fed on low protein diets. 

; Methods 

Stocht A total of 296 White Leghorn 
X Rhode Island Red chickens hatched in 
November 1942 were divided into four 
comparable groups and fed on the experi- 
mental diets for a period of 20 weeks. 

Feeding. All the birds were fed on a 
basal mash consisting of wheat bran 50 
parts, yellow maize meal 30 parts and 
ground oats 20 parts. During the first 
pight weeks, the birds were fed a grain 
ration,, of equal parts maize, jotvar and 
cjieem. From 8-20 weeks the grain ration 
consisted’ of equal parts yellow maize, 
wheat and paddy. The grain was fed at 
T'a.m. and 4-30 p.m. throughout the ex- 
periment: Broken limestone was supplied 
ad tihiUm and succulent green food (ber- 
seem) was fed liberally once daily during 


the whole experiniontal porfoiL [Vhi) mash 
was fed daily in a wet, cnimihlv state 
according to appetUn at 9 a.m., :!2 neon 
and 3 p.m. Group I was fed tlie ])asal 
ration only. Group II received the same 

ration as Group I with the addition of 1 per 
cent common salt to the mash. Group III 
was fed the basal mash plus 0.5 per cent 
salt and the mash made up with s('pa rated 
milk instead of water. Sepai’ated milk 
was also given ad libitum during the first 
12 weeks, whilst separated milk and water 
111 separate containers wore from 

12-20 weeks. Group IV wa.s fed tlio basal 
mash plus 1 per cent noitmuui sail; and 
meat offal (cleaned intestines from the 
l>ouse). Tho amount of moat 
ofial fed was re^ilated, so that the pi'o- 
tein content oi the ration was approxi- 
mately the same as that fed to the birds 
receiving separated inilk (Group III). The 
quantity of meat otfal required every day 
was cooked for one hour in a small quan- 
tity of water and run through a mincing 
machine prior to mixing with the mash 
The minced meat offlal and the liquid resi- 
due after cooking were mixed witli tlie re- 
quired daily amounts of mash and equal 
quantities were fed at each time of 
feeding. 

Bate of growth. The chickc ms were 
weighed individually at fortnightly inter- 
vals. The average weights of the males 
9UQ 161118/16S iroiu 1*9 mid tiio 

females from 11-21 weeks arc given in 
Table I. The cockerels wer^ reriovnd ffoni 
the experiment at the (mkI of the secMeid 
period (9 weeks). 
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Table I ? 

Average weights in ounces and prohahle errors 




Group I 

Group II 

Group III 

Group ly ■■ 


. ' Sex 

ATale 

Peinfile 

Male 

Eemulo 

Milk* 

Female 

•'Male ■■ 

Fem«I» 


l-w«eka^ . 

2.0 

-f-O.OG. 

1.9 

+0.02 

2.0 

+0.05 

; 1.9 

+0.03 

2.0 

4=0.03 

1.9' 

.'..+0,02. 

1.9 ■ 
+0.05 -■ 

.. 

+;0£08 


3 weeks 

3.1 

-l-O.OG 

2.9 

+0.08 

3.4 

+0.09 

3,3 

+0,07 

4.1 
+ 0.19 

3.7 

+0.13 

4.3 

+0.15 

3.9 

+0.39 


5 weeks 

4.0 

+0.11 

3.4 

+0.12 

4.3 

+0.15 

4.1 

+0.08 

8.6 

+0,29 

+0.20 

8.2 

+0.20 

7.2 

4.0.19 


7 weeks . . • 

o.G 

+0,11 

4.8 

+0.12 

.5.4 

+0.15 

4.8 

+0.0S 

13.2 

+0.29 

11,3 

+0.20 

13.2 

+0.20 

10.6: k 
+ 0.19:: 

*■ 

9 weeks , , . , 

T.4 

+0.19 

6.5 

+0.1.5 

7.6 

+0.27 

6.9 

+0.16 

20.6 

+0.49 

17.4 

+0.26 

17.7 
+0.SI ■■ 

14.0 

+0.30 


11 weeks 1 . ■ 


9.3 

+0.25 


. 9.9 
+0.21 


. . 22,7 
+0.31 


i. lOi-O 

+ 0.50 


13 weeks 


12. 9 
+0.40 


13.0 
+ 0.26 


'■ 29.0 
+ 0.34 

i , '. ■■■ • 

26'.2 
+ 0,52 



15 Weeks 


17.1 

+{).4;j 


17.1 

+0.40 


34.9 
+ 0.68 


31.9. ; 
+ 0.62 ' 


17 weeks 


+(.48 


21.4 
+ U.34 

1 - 


SS.6 

4 (J.Gl 


36.o1 
+ 0.64J 

^ w 

19 weeks 


27.6 

-}.o.r.i 


26.6 

+0.50 


43.0 
+ 1.00 


■ 


21 weeks 


33.1 

+0.59 


32.7 

+0.51 


46.8 
+ 0.89 


' ±1 


so 
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At ^ weeks tlie average weiglits in onces 
of the males in Groups MV (Table I) were 
7.4, 7.6,20.6 and 17.7 respectively. The 
corresponding figures for the feniaies were 
6.5,6.9,17.4 and 14.0. At 21 weeks the 
average weights in ounces of the pullets 
in Groups I-IV were 33.1, 32.7, 46.8 and 45.5 
respectively. At five weeks and at each 
subsequent weighing, the birds in Groups 
III and IV were significantly heavier than 
those in Groups I and 11. At no period 
was there any significant difference bet- 


ween the average weights of Groups I and 
II or between those of Groups III and IV. 

Food consumption. Table II gives the 
average food cousumptioii in pounds per 
bird for each group for each period of 
four weeks and the corresponding food 
consumption figures in pounds per pound 
of live weight gain. For comparative 
purposes, the figures for the meat offal 
and .milk were brought to a dry matter 
Ibasis and the resultant figures added to 
the jnash and grain consumptions. 


Tabu® II 

Food consumption 


S#ial 

No. 

Period 

Av. FOOD CONSUMPTION PEr IMRD (lb.) 

Food cf)N,siuMPi'iON 
WMOHI 

IN lb. PEB lb. WYl 
UAIN 

Qx’Olip I 

Group II 

Group III 

Group IV 

Group I 

Group II 

Group III 

Group IV 

1 

1-5 we»k» 

1,14 

1.13 

1.57 

1.42 

9.11 

7.95 

4.16 

3.96 

S 

5-9 weeV.3 

1.40 

1.38 

2.7.3 

2.45 

6.33 

7.15 

4.06 

^ . 4.76. 

3 

9-lS weeks .. 

2.28 

2,08 

4.71 

4.4.5 

6.67 

5.66 

6,68 

6.16 

4k 

13-17 weeks 

4.71 

4.31 

*1.04 

5.33 

0,24 

S.47 j 

8.70 

8.37 

H 

17-21 weeks . . | 

^ 6,60 

5.76 

6M 

6.65 

11.00 

10.30 

12.44 

11. SB 


Daring the first two periods the average 
food consumption per bird was very 
similar in Groups I and II but in periods 
3-5 tlie birds in Group I consumed some*^ 
what more food than those in Group II. 
During periods 1-4, the birds in Groups 
III and IV consumed considerably more 
food than those in Groups I and IL 
During period 5, the average food con- 
sumptions were very similar for Groups 
I, III and IV and higher than those for 


Group IL During the first two periods, 
Groups III and IV made vciry much better 
utilization of the food consumed than 
Groups I and II. During the sub.sequent 
three periods, the efficiency of food utiliz- 
ation in ail the four groups was fairly 
comparable. 

^ Protein consumption. Table III gives a 
siiminary of the average protein percent- 
ages in the foods consumed by each group 
for each of the five periods. 
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Table III 

Percentage protein comunied 


Serial 

Period 

CrTOUp 

Group 

Group 

Group 

No. 

I : 

II 

in 

IV 

1 

(1-5 weeks) 

10.9 

10.9 

16.0 

16.8 

2 

(5-9 weeks) , . 

10.9 

10.8 

16.0 

;16..5 

3' 

(9-13 weeks) , . 

10.8 

10.8 

14.5 

15.2 

4 

(13-17 weeks) . . 

10.8 

lO.S 

13.6 

13.8 

5 

(17-21 weeks) 

10.8 

10.8 

12.7 

13.0 


Tiie percentage protein consumption 
figures for Groups I and II are practically 
identical throughout and are in all cases 
considerably lower than those recorded 
for Groups III and IV. The protein con- 
sumption figures for Groups III and IV 
are fairly comparable throughout but on 
the average the protein level was slightly 
higher for Group IV. The percent- 
age of protein in the food consumed by 
Group III started off at an initial level 
of 16.0 in period 1 and fell to 12.7 per cent 
in period 5. The corresponding figures 
for Group IV were 16.8 and 13.0. 

Mortality, Table IV gives a statement 
of mortality percentages for each period 
and the total mortality in each grouj) for 
the whole experiment. 

Table IV' 

Mortality percentages {1-21 weeks) 


Period 

Group I 

Group II 

Group III 

Gotip IV 

' 1 . 

1.35 


1.35 


2. 

4.05 

4.05 

1.35 

4.05 


7.69 

7.02 



4 . 

11,90 

1.92 



5. 


1.92 



Total 

24.99 

14,91 

I 

4.05 


The general health of the birds in 
Groups I and II as Judged by handling 
and appearance was consistently poorer 
than that of Groups III and IV. The 


general health of the birds in Groups III 
and IV was consistently good throughout 
the experiment. The total mortality per- 
centages in Groups I and II were much 
higher, being 24.99 and 14.91 respectively, 
while the corresponding figures for Groups 
III and IV] were 2.7 aud 4.05 respec- 
tively. 

Discussion 

The rate of growth of the birds in both 
the groups without protein supplements 
was very much lower than that of the two 
groups receiving the protein supplements. 
The slow rate of growth in Groups I and 
II was most marked during periods 1 and 2 
(1-9 weeks), so in the period when the 
demand for protein is at a maximum. The 
food utilization figures for the non-protein 
supplemented groups during periods 1 
and 2 were much inferior to those in the 
corresponding periods for the protein 
supplemented groups. Throughout the 
whole experiment the general health and 
appearance of the birds in Groups I and 

II were much inferior to those of Groups 

III ahd IV. The mortality in all groups 
was low until the end of the second period. 
As would be expected with chickens reared 
under good environmental conditions, no 
death occurred in the protein supple- 
mented groups for 9-21 weeks. On the 
other hand. Groups I and II both suffered 
substantial mortality from nine weeks on- 
wards. The low mortality in Groups I 
and II during the initial eight weeks of 
the experiment period seems rather 
surprising in view of the low protein 
content of the ration. The low mortality 
during this period can partly be 
attributed to all the birds having received 
well balanced rations for one week prior 
to commencing the experiment. Further- 
more, during this period of eight weeks, 
the birds were well protected against the 
weather and thus did not receive any 
further check except that imposed by the 
diets fed. From 9-21 weeks, however, all 
the groups were placed outside in houses 
which were more exposed to weather 
conditions and this, in addition to the 
cumulative effect of deficient feeding in 
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tli^e' oafie- •CTroiips-.f. arid II, rei^irlkid in a 
oertaiii amount oF mortulity. 

. -Tiie results obtained with tlie low 
tein -diet in tins exp(?rimeut as rc'jA'urds 
rates- of growth, food utilization and mor- 
tality-. are ’ very much lietter than those 
reported by htaedoiiald [ID-l-l] on ix simi-' 
lar low protein diet. In tliis <'xperimont, 
however, the birds received a good initial 
week and it is very probable 
titixf' tl^is good. start might have exerted a 
yefy beue&ia,l.iiitlueiice on the subsequent 
feim.viour.oF the chicks. 

•' The rate of growtli and food utilization 
figures for Groups I and II wore very 
similar- ...Whilst Group II had lower 
hipr-tality than .Group I, it would b(i unsafiv 
toVconclnde From this that the adtliiion of 
salt lowered mortality, since both groups 
wore .similar- in' appearance at all stag«'s. 
The failure of the addition of sa.it to give 
hjiy response is somewhat surprising in 
vlh.-iy of the proved. value of salt siipple- 
Btoiits in. rations, containing ojily vegetable 
p^'oteins. ; Mitchell and (Jarman [.11)2()] 
demonstrated that the addition of common 
salt to a diet' mainly composed of maize 
greatly improved its. value. Proiitice and 
Bstskett [1932] and Prentice [1933] found 
that, .salt was very beiiericial in the diet 
di'. .chibkeiis. Robertson, Orr, Prentice and 
H.acdohahl. [1930] demoJistrated that a 
supplement of salt was very ])eiielicial in 
diets.. coufeining vegetable proteiiis only, 
th 'this.' experiment, however, the protein 
level of the ration wms lower than that in 
tile experiments reviewed here. Further- 
Uiofe, the. liberal feeding of berseeni, which 
i^ .relatively rich iirbotli sodium and.ehlo- 

t jj ahoUld have helped to make good any 
diency of both sodium and chlorine in 
th'e , cereals, Rohertson, Orr,, Prentice 
and’ 'Macdonald [1930] also' reported the 
lieneficial . value of clover in a vegetable 
pro.tein. diet contaiuing no salt supple- 
ment. ' , 

. During the major part of the experi- 
ment, the chickens on the separated milk 


diet were slightly lu'avier than tliose on 
the meat diet. On th.<^ otlier hand, th('nicat 
group made on the average? sli.ghtJy bettor 
utilization of the food consiinied. As in 
previous work, jMacdonald and .Bose 
[1943] obtained sligdiily beitiu’ growth 
results from meat offal, furtlu'r expeui- 
meiits will have to h(' carried out j>rior to 
making any final condusioJi in regard to 
the relative values of separated milk and 
meat offal in the diet of growing chicks. 
As the unit of protein in meat offal is 
normally cheaper tliau that in separated 
milk it is, however, safe to conclude that 
meat offal could often be prolUably used 
in place of inilkin the diet of chikeiis. 

CoNcmjsT():N.s 

(1) A mixed c(.vreal ditd.. with a protein 
content of iO.8 i>(M’ cent plus liberal 
amounts of green food and calcium is 
nnsatisfactory for gru'wing eliickens, 
especially in the oaid>' stages of growth. 

(2) Little or no benefit is derived by 
supplementing the above diid with common 
salt. 

(3) Separated milk and jueai offal are 
valuable protein snpplemejiis for chickens. 

(4) Meat offal can often be used very 
profitably as a substitute i’or separated 
milk in the diet of cbioks. 
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STUDIES IN SANITIZING :D:AIRY'^ UTENSILS UNDER 
INDIAN CONDITIONS 

By Zal E. Kothavallaj- M. S. Pherwani and E. Y. Seshagharyultj, Imperial Dairy 
Besearcb Institute, Bangalore. 

(Eeeeived for publication on 31 July 1943) 


Introdijotion 

Milk, wMch is a valuable buraan food, 
provides a favourable medium for the 
growth of micro-organisms. The Bacte- 
ria on entering the milk multiply at a 
rapid rate if the temperature is favour- 
able to them, and bring about undesirable 
chemical changes, as a result of which the 
keeping quality of the milk is consider- 
ably impaired. It, therefore, becomes 
imperative to take proper precautions 
against its contamination from all pos- 
sible sources during handling. One of 
the most common sources of contamination 
of milk is the utensil used in its produc- 
tion and handling, if it is not properly 
cleaned and sterilized. Eowlands [1934] 
has shown that ropiness in milk can foe 
spread by churns (large milk cans) which 
are not properly sterilized. Barkworth 
[1941] has given the following iigiires 
indicating the extent of eontammatioii 
of good quality milk through dirty churns : 

Milk in the bucket . . ia,000 bacteria per ml. 

Same milk in churn (dirty) . . 9,900,000 „ „ „ 

It is, therefore, evident from the above 
that the sanitizing of milk utensils is im- 
portant not only from the point of view 
of enhancing the life of milk, but also to 
supply milk of a low bacterial count 
to the consumer. Investigations by ICelly 
[1914], Prncha and Harding [1924], Pas- 
sou [1926], Theopliilus and Atkesoii 
[1931], Yale [1935] and Burgwald [1939] 
have indicated the importance of clean and 
sterile utensils in the p^^oduetion and 
handling of ingh quality milk. 

Extensive research has been carried 
out in the past to find out suitable deter- 
gents for cleansing dairy utensils and 
equipments to render them sterile enough 
for the safe handing of milk for all 
practical purposes. Some of the common 


detergents that are highly alkaline include 
caustic soda, soda ash, washing soda, 
sodium metasiiicate, trisodium phosphate 
and sodium hexametaphosph ate. Mixtures 
of these are sold under a variety of 
trade names such as ^Dairy detergents, or 
Washing powders.’ Washing or cleaning 
of milk utensils with these detergents, fol- 
lowed by sterilization with steam or seaJd- 
ing with boiling' water, is a common 
practice in most of the up-to-date dairies. 
Parra! [1929], Barker [1929], Rogers and 
Evans [1936] and Provan and Treble 
[1941] have shown that the cleaning of 
dairy utensils and equipments with alka- 
line washing compounds and the applica- 
tion of steam render them practically 
sterile. 

Although much work has been carried 
out ill Western countries on the cleaning 
and sterilizing of dairy equipment, no pub- 
lished data are available in India except- 
ing the investigation carried out by 
Verma, Paul and Kotlia valla [1941] who 
have shown that the comparative deter- 
gent efficiency of soda ash, wood ash 
and mud on milk utensils is in the descend- 
ing order. Due to war the prices of 
washing soda and otlier dairy detergents 
have greatly increased' and it, therefore, 
became necessary to investigate the pos- 
sibilities of finding a suitable substitute 
for them and to evolve a cheap and effici- 
ent method of cleaning dairy ntensiis. In 
India the villagers use mud, wood ash, 
tamarind and mud or aSli and mixture of 
mud aud cow-dung cake ash for olcaning 
their milk utensils. The hist mentioned 
method (mixture of mud and cow-dung 
cake ash) is generally employed, followed 
by an exposure to the siihliglit. The bac- 
tericidal potency of this nieihod, however, 
has not so far been studied systematically. 
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Reeenth^ a product known as Bentonite 
(a kind of clay) was brought on the 
market, and it was claimed for it that it 
was a LiseiTil detergent for cleaning dairy 
utensils and clioaper* than washing soda. 
fWIien Bentonite wnas tested in the labor- 
atory it was found to give alkaline 
reaction to |)henolphthalein and contained 
traces of carbonates as indicated by the 
slight effervescence it gave with hydro- 
chloric acid and appearance of white tnr- 
hidity wdien barium chloride solution was 
added to clear wmter extract of Bentonite. 
The following composition of Bentonite 
was supplied by the firm; 

Moisture . . 15.36 per cent. 

Ignition loss .. 7.24 „ „ 

Silica (SiOa) .. 49,53 „ „ 

Alumina (AbOs) .. 19.41 „ „ 

Iron oxide (FeoO.|) . . 0.59 „ „ 

Calcium oxide (OaO) 2.62 „ „ 

Magnesium oxide (MgO) 5.11 „ „ 

Sodium oxide (Na.O). . 0.12 „ „ 

Potassium oxide (KaO) 0.03 „ „ 


100,01 per cent 

In view of its alkaline property and lo w 
organic matter content, Bentonite indicat- 
ed the possibilities of its being used as a 
dairy ^ detergent suitable for conditions 
prevailing in this country. This investi- 
gation wms therefore undertaken to deter- 
mine its quality as a detergent when com- 
pared with washing soda, the commonly 
used detergent in tiie organized dairies, 
.The village method of cleaning milk uten- 
sils wdtli mud and cow-dung cake ash 
termed as ‘indigenons method’, has also 
been investigated for its bactericidal effi- 
ciency as compared with the method adopt- 
ed in dairies, namely cleaning with wash- 
ing soda using hot water for rinsing 
purposes, followed by steam sterilization. 
For the purpose of investigation the milk 
utensils used were of twm types, namely 
bottles of 1 ib. and 2 lb. capacity aiid cans 
(brass tinned and untinned) of li gallons 
capacity. 


*Price of Bentonite 
Market j.irke of washing soda 


. , Es. 7-8-0 per ewt. 
.. 25-0-0 ,, 


Expbeimental 

Method of cleaning. The methods em- 
ployed for cleaning milk botth's and cans 
with washing soda, Bentonite and indig- 
enous method were as follows : 

{i) Milh bottles. iStciriic bottles wore 
used so as to bring the initial con- 
tamination to the same extent in all 
cases. A measured qn anti ty of rafv 
milk was then put into those Ijottles 
and kept ovorni.ght to curdle. The 
following morning the curdled milk 
was drained off from the bottles, 
the bottlevS rinsed wdth tap wniter to 
remove the remnants of cnrdl(*d 
milk and then cleaned witli the three' 
detergents as follows : 

(a) Washing soda. The bottles were 

washed with 1 per cent solution 
of washing soda in hot water 
(140°P) and scrnbb(Ml with a 
sterile botthi brush. After this 
they were rinsed with hot water 
to remove the tract^s of alkali 
and then sterilized In a steam 
chest for three minutes. 

(b) Bentonite. The piafcedure follow- 

ed was the same as e,bove. 

(c) Indigenous method. After rins- 

ing the bottles with tap water 
the mixture of mud and cow- 
dnng cake ash in equal 
amounts were applied to them 
both inside and outside and the 
inside then scrubbed thoroughly 
with a sterile brush. The bottles 
were then rinsed with tap water 
till all the traces of mud |)artioles 
were removed. Finally they were 
rinsed with water and kept 
exposed to sunlight for i hour 
first with their moutiis down and 
then with their mouths arid inside 
portions fully exposed to direct 
sunlight for an hour. 

{d) Controls. The bottles were simply 
rinsed with tap water and scrub- 
bed with a sterile brush till ail 
the curdled milk particles were 
removed. Finally they were 
rinsed with tap water'. 
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(ii) Cans. To start -with all the cans 
’iv^ere thoroughly cleaned with wash- 
ing soda and then steam-sterilized 
for Hyg minutes along with their 
lids. The initial cantamination of 
these cans when examined bacterio- 
log'ically showed that their plate 
counts varied from 100 to 400 and the 
coliform organisms wei’e absent in 
one ml. of the rinsed out solution in 
all the trials. A measured quantity 
of raw milk was then put into each 
of these cans and kept overnight to 
curdle. The rest of the procedure 
adopted in cleaning the cans by the 
different methods was the same as 
that followed in the case of bottles 
excepting that the cans and their 
lids were steam sterilized for four 
minutes after cleaning with washing 
soda and Bentonite. Sterile coconut 
coir was used for scrubbing the 
cans. 

Bactebiolooioal examination 

(i) Bentonite. Plate counts showed 56,000 
bacteria per gram of Bentonite. 

(ii) Mixture of mud and cow-dung cake 

ash. The bacterial counts varied 
from 12 to 15 millions per gram of 
the mixture (mud and cow-dung cake 
ash) used: 

(m) Tap ivater. The tap water used for 
washing the bottles and cans gave 
640 colony counts per ml. 

(iv) Bottles and cans. The technique 
employed for determining the bac- 
terial counts of bottles and cans was 
the same as that suggested by Mat- 
tick and Hoy [1937] with the excep- 
tion that saline solution was used 
instead of Eingerls solution for rins- 
ing the utensils. In the case of cans 
100 ml. of saline water were used 
for rinsing. Presumptive coliform 
test was done by introducing one 
ml. of the rinsed out solution into 
10 ml. of MacConkey’s bouillon. 

The maximum, minimum and average 
counts of bottles and cans and the number 
of trials in eah case falling between diffe- 
rent ranges of counts are give in Table 1. 


Discussion 

The foregoing results show thnt the 
bacterial counts of the bottles treated with 
washing soda and Bentonite are not 
much different and they are less than 
those of the bottles cleaned by the indig- 
enous method. The counts of the bottles 
cleaned by the indegeiious method are less 
than those of the controls. With the 
washing soda the counts of the bottles 
range from 0 to 190, with an average 
count of 95, and from i50 to 280, with an 
average count of 226, in the cases of 1 Ib. 
and 2 lb. bottles respectively. The bac- 
terial counts of bottles cleaned with Ben- 
tonite vary from 0 to 190, the average 
count being 85, in the case of 1 lb. ])ottles 
and from 150 to 280, with m\ average 
count of 230, in the case of 2 lb. bottles. 
The counts of the bottles obtained by the 
indigenous method range from 130 to 
2,000, with an average count of 504 in the 
case of 1 lb. bottles and from 1,100 to 
4,700, the average count being 3,034 with 
2 lb. bottles. The plates count of the con- 
trol bottles vary from 2,000 to 50,000 
with an average count of 9,410 with 1 lb. 
bottles and from 5,300 to 75,000, with an 
average count of 18,069, in the case of 2 
lb. bottles. Coliform is absent in all ffie 
trials with washing soda and Bentonite, 
but in the case of indigenous method it is 
present in 11 trials with 1 lb. and 2 lb. 
bottles. All the controls show x^ositive 
test for coliform. The American Standard 
Methods [1939] recommend,, a maximum 
of 1, 000 colonies per quart (American) 
bottle and of 500 per pint bottle, whereas 
Mattick and Hoy [1937] suggested that 
200 organisms per pint bottle should he 
the standard. All the results with 1 lb. 
and 2 lb. bottles cleaned with washing 
soda and Beutoihte therefore attained 
these standards. In the case of indig- 
enous method 16 trials with 1 lb. bottles 
attained American standards and only six 
- trials came up to the standard proposed 
by Mattick and Hoy. All. the trials with 2 
lb. bottles cleaned by the indigenous 
method and the controls, however, failed 
to attain these standards. 
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The results with brass tinned and un- 
tinned cans also show' that there is prac- 
tically no difference betw^een the t'.ro 
treatments, 1. e. washing soda and 
Bentonite and these t\Yo are mnch super- 
ior to the indigenous method. The bac- 
terial counts of the cans cleaned with 
’ivashing soda range' from 300 to 2 , 000 , 
the average count T3eing 1,094 yvith brass, 
tinned cans and 1,161 with imtinned cans. 
The counts of the cans cleaned with Ben- 
tonite vary from 100 to 2,000, the average 
count being 1 , 138 , with brass tinned cans 
and 1,166 wntli nntinned cans. The cans 
cleaned by the indigenons method show 
counts ranging from 700 to 14 , 000 , the 
average count being 4,666 and 6,083 with 
tinned and nntinned cans respectively. 
The counts of the control cans vary from 
6,200 to 380 , 000 , the average count being 
130 , 122 , with tinned cans and 1 , 55,472 
with nntinned cans. Coliform is absent 
in all the trials with washing soda and 
Bentonite. In the case of the indigenous 
method however coliform is positive in 8 
and 11 trials with tinned arid im tinned 
cans respectively. All the controls show 
positive test for coliform. 

The primary need for clean and sterile 
utensils for the safe handling of milk has 
already been emphasized. The results of 
the present investigation show that Ben- 
tonite in its cleansing efficiency stands on 
a par with washing soda, when used 
under conditions described above. The 
indigenous method although better than 
the controls is inferior to either, washing 
. soda or: Bentonite, the reason being that 
the mixture of , mud . and cow-dimg cake 
-ash, used for cleaning,, is initially laden 
wdth a high number of i3acteria and it is 
not possible to destroy a majority of these 
organisms, especially the spore formers, 
by exposing the utensils only to sunlight. 
The results also indicate that for cleaning 
milk utensils washing soda may success- 
fully be replaced by Bentonite which is 
cheaper than the former. The other ad- 
vantages of Bentonite observed during the 
course of the experiment are that it has 
no caustic effect o.n the hands of the 


tYorker, no abrasive, action on metals and 
it is not hygroscopic. The utensils clean- 
ed with Bentonite also gave as clean and 
polished an appearance as those with 
washing soda. Again since it is in a 
powder form it can very easily he handled. 

SlTMMABY AFD COXOLUSIOXS 
They are as follows : 

(a) The comparative efficiency of wash- 
ing soda, Bentonite and indigenous, 
method in sanitising milk utensils 
has been studied. 

(h) There is practically no difference in 
the bacterial counts of the bottles 
and cans cleaned with washing 
soda aiid Bentonite. 

(g) The indigenous method although 
much better than the controls is in- 
ferior to washing soda and • Bento- 
nite in its cleansing efficiency (as the 
plate counts show). 

(d) Bentonite is as good as washing 

soda in its cleansing effioienoy and 
may, therefore, be successfully used 
in place of washing soda, being 
cheaper than the latter, for cleaning 
milk utensils. 

(e) Bentonite has several other advant- 

ages over washing soda such as 
, (i) freedom from caustic effect on the 
. hands of the ^Yorker, 

{ii) no abrasive action on metals, 

(iii) non-hygroscopic in nature, and - 
(/) Bentonite is in a powder form and 
can .he easily handled. 
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In order to determine sex from the ex- 
ternal features of Indian carp, Mookerjee 
[1938] made a study of 100 specimens of 
Laheo rokita md 36 specimens of Cirrhina 
mrigala from local markets in Calcutta 
and obtained the following results : 

Laheo rokita 

(1) the pectoral fin is either greater 
than or equal to the anal fin in 
the male, 

(2) the pectoral fin is less than the 
anal liii in female, 

(3) the area around the anal opening 
of breeding individuals appear 
reddish and swollen in the female 
but not in the male. 

Cirrhina mrigala i 

(1) the pectoral lin is greater than 
the anal one in the male, 

(2) the pectoral fin is equal to the 
anal one in the female. 

These tests when used as a means of 
differentiating the sexually mature male 


and the female of these two species in the 
Punjab gave somewhat different results 
from those obtained by Mookerjee. 

Ninety-six Laheo rokita and 110 Cirrhina 
mrigala were studied at Chhenawan and 
Lyallpur fish farms. Their sexes and 
weights were noted and measurements in 
mm. of their total length and length of the 
head and of all the fins and girth were re- 
corded. The length of the fin was measu- 
red from the commencement of its base 
to its farthest point along its longest ray. 

(i) Pectoral and anal fins. In Laheo 
rokita) out of 96 specimens studied, 39 
were males and 57 females. In all the 
males the pectoral fins were greater than 
the anal. Among the females, 11 speci- 
mens had their pectoral fins shorter than 
the anal, in 5 they were equal to the anal 
and in 41 greater than the anal. In 24 
of these 41 specimens, the difference b(‘.- 
tween the lengths of the pectoral and anal 
fins was 5 mm. or more, and the measure- 
ments of these specimens are given iu 
Table I (Hi) (Females), 
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Table I 

Comparison of pectoral and anal fins in male and female Labeo roliita (Hamilton) 


Male 

Female 

Length 

of 

body 

Length 

of 

head 

Length 

of 

pectorals 

Length 

of 

anals 

Weight 

Length 

of 

body 

Length 

of 

head 

Length 

of 

pectorals 

Length 

of 

anals 

Weight 

mm. 

mm. 

mm. 

mm. 

srs. eh. 

mm. 

mm. 

mm. 

mm. 

srs. eh. 

(i) 

Pectoral 

iins greater than anal fi7i.s 

(i) Pectoral 

fms less 

than anal fins 

i 250 

55 

41 

36 

0- 4 

305 

72 

45 

48 

0— 5 

259 

54 

42 

35 

0— 4 

610 

110 

94 

95 

2—12 

300 

f>6 

58 

46 

0— 5 

620 

120 

95 

100 

3— 0 

312 

71 

6^ 

44 

0— 8 

625 

110 

89 

90 

3— 2 

320 

72 

62 

48 

0— 6 

655 

123 

96 

99 

3-13 

320 

66 

59 

44 

0— 8 

665 

120 

101 

102 

4- 0 

325 

65 

65 

48 

0— 6 

686 

120 

91 

98 

4-12 

* 325 

70 

63 

47 

0— 6 

093 

122 

103 

IM 

4-12 

327 

70 

56 

50 

0~ 7 

720 

125 

no 

112 

6—13 

330 

68 

65 

53 

0~ 7 

780 

135 

105 

115 

7- 8 

335 

77 

77 

56 

0—10 

781 „ 

135 

109 

111 

6— 4 

^ 336 

65 

61 

55 

0— 7 

(ii) Pectoral fins equal to ana 

fins 

376 

. 78 

76 

59 

0— 8 

328 

69 

52 

52 

0- 7 

398 

86 

82 

64 

0—13 

337 

75 

57 

57 

0- 8 

580 

100 

95 

86 

2—12 

554 

95 

86 

86 

1—13 

„ > 585 

110 

110 

85 

2 -8 

625 

115 

92 

92 

3— 2 

587 

107 

99 

88 

2 —8 

654 

114 

106 

106 

3- 9 

592 , 

110 

110 

90 

2—11 

(iii) 

Pectoral 

fins greater than anal fins 

592 

105 

101 

89 

2— 8 

300 

65 

50 

44 

0- 5 

597 

115 

105 

94 

2—10 

312 

61 

50 

43 

0- 6 

¥ 

0U2 

115 

101 

95 

22— 1 

318 

74 

55 

50 

0- 7 

010 

115 

103 

94 

2- 8 

324 

56 

49 

1 42 

0- 8 

614 

110 

110 

91 

3— 0 

345 

7l 

60 

I 55 

1— 8 

620 

116 

113 

100 , 

3— 2 

460 

100 

80 

1 67. 

1-6 . 

624 

116 

104 

j 94 

3— 2 

470 

96 

87 

j 81 

0- 5 
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Miilo 




Tihmuilo 



1 

Lenstd 1 
body j 

Length 

1 of 

' head 

Length i 
of 

pectorals 

Length 

of 

anals 

Weight 

Lengtli 

of 

body 

Ijongth 

of 

head 

Length 

of 

poc'torals 

Length 

of 

iunils 

Woigill 

inm. ' 

nun. 

mni. 

mm. 

Srs. Ch. 

iriin. 

mm. : 

rnm. ' 

mm. ^ 

i ar. eh. 


(iii) Peetrol fins great er fhaifanat fins (eontd.) 


0)25 

114 

105 

85 

3- 2 

511 

111 

■ 

80 

80 

1—15 

G.'iO 

108 

103 

86 

3- t! 

605 

105 

02 

83 

3— 5 

640 

120 

il5 

102 

3- 4 

614 

120 

08 

02 

3- - 3 

640 

120 

100 

05 

■ in. -3 

61(5 

110 

10! 

02 

’’ 

656 

115 

no 

Iftl 

■ 3— 8 

622 

110 

IttO 

■ 

05 

4 

’ ' 

656 

125 

105 

98 

4 0 

644 

130 

103 

. fit; 

4-. 0 

700 

130 

125 

105 

4- 0 

(/44 

125 ■ 

102 

92 

3— 8 

706 

130 

128 

101 

4~ 5 

04,5 

124 

09 

94 

3—12 

7;h-? „ 

139 

lOG 

105 

.5- 2 

646 

120 

105 

96 

3-10 

737 

130 

130 

115 

5- 0 

655 

(20 

103 

05 

4— 5 






655 

115 

: 109 

1 ' 93 . 

■,4— 






665 

125 

100 

90 

4-~ll 






66G 

115 

107 

!)6 

' 4.— 4 






672 

130 

102 

94 

4;- 8 






672 

124; 

1(10 

93 i 

4-- 7 






700 

128 

118 

102 

r>~- 4 ' 






750 

140 

103 

98 

6 — 3 


In CirrJima mrigala of 110 specimens 
studied, 33 were males and 77 were 
females. In all tlie males, the pectoral fins 
were greatei* tlian the anal. In the 
females, only three specimens had their 
pectoral fins less than tlie anals; in two, 
they were equal, while in 72 the pectorals 
were greater than the anals. In 46 out of 


these 72 specimens, the dillennieci !Hd;weeij 
the lengths of tin* pectoral and anal fins 
ranged from 1 mm. to 1) mm. while in 26 
the difference was 1,0 mm. to 23 inm. and 
the measurements of ilii'so spuc/imens in 
which the pi'ctorais weia' dr‘eldt;dly greater 
than the anal aro given in Tahh.* 11 (iii) 
(Females). 
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Table II 


Comparison of pectoral and anal fins in male 
Cirrliina mrigala {Hamilton) 


Male 

Female 











Length 

Length 

Length 

Length 


Length 

Length 

Length 

Length 


of 

of 

of 

of 

Weight 

of 

of 

of 

of 

Weight 

body 

head 

pectorals 

anals 


body 

head 

pectorals 

anals 


mm. 

mm. 

mm. 

mm. 

srs. ehk. 

mm. 

mm. 

mm. 

mm. 

SI’S. chk. 

Peat 0 r a 1 ]l n s 

g r e at e 

than 

anal fins 

(i) P e c t 0 r al 

-fin s 1 e s s t li a n 

anal fi n s 

225 

42 

41 

33 

0— 2 

645 1 

109 

74 

S3 

2—13 

269 

49 

55 

39 

0 — 2^ 

670 

112 

S9 

90 

3- 0 

271 

46 

55 

54 

0- 2 

680 

110 

SO 

87 

3— 0 

278 

49 

51 

44 

0— 2 

(ii) Pec 

t Q r al /I 

n s p q u 

a 1 to t 

i e anal fi sn 

w"' ■ 

52 

50 

39 

0- 3 

423 

76 

65 

65 

0—10 

^ 295 ^ 

51 

52 

43 

0— 3 

649 

110 

85 

85 

2—10 

309 

67 

73 

56 

0- 7 

(wt) Pec 

i a r al 

n s g r e 

ater than ana 1 Hn s 

364: 

61 

70 

53 

0- 6 

290 

52 

46 

36 

0-4 

373 

63 

73 

55 

0— 6 

371 

71 

63 

53 

0- 7 

380 

65 

60 

55 

0—10 

570 

93 

88 

78 

1-14 

391 

69 

73 

64 

0— 8 

608 

101 

88 

66 

2—6 

406 

75 

78 

68 

0—10 

622 

101 

SO . 

69 

2- 4 

407 

70 

72 

57 

0- 8 

625 

103 

95 

84 

2— 8 

505 

90 

S2 

63 ^ 

1— 6 

635 

104 

100 

84 

2- 8 

574 

95 

96 

74 

1— 0 

•042 

113 

97 

87 • 

2-14 

j, 613 

103 

100 

75 

2— 4 

645 

107 

101 

82 i 

2— 8 

' ■ 619 

105 

95 

91 

2— 4 

655 

100 

95 

81 ' 

2-10 

620 

105 

100 

79 

2— 4 

664 

105 

90 

78 , 

2—14 

633 

110 

110 

85 

2— 8 

609 

115 

[00 

90 

3-0 

635 

105 

94 

S3 

2—10 

670 

110 

97 

SO 

3- 0 

640 

105 

93 

80 

2— 9 

688 

115 

[07 

97 

3—0 

640 

110 

91 

89 

2—10 

696 

110 

94 

80 

3— 3 

6^8 i 

105 

101 

82 

2—12 ■ 

- 700 

12o 

105 

92 

4- 0 

650 

110 

,110 

80 

3— 1 

702 

125 

102 

92 

3— 8 

655 

115 

!39 

SO 

3— 2 

'712 

105 

112 

99 

3- 8 

655 

113 

99 

89 

2-13 ^ 

718 

^ 120 

( 

109 

97 

3—14 

"■.# 6<.)() 

110 

121 

92 

" 6 

722 

■ 130 

107 

90 

3— 8 

668 

110 

105 

80 

2-12 : 

724 

125 

lOf. 

85 

3-10 

6U:i 

110 

130 

84 

2—13 ! 

725 

125 

109 

90 

4- 8 

694 

115 

116 

82 

3— 1 

727 

130 

105 

93 

4— 5 

700 

110 

100 

SO 

3— 6 

735 

130 

98 

86 

3- J 

7,14 

120 

108 

83 

3- 8 

742 

131 

95 

81 

4— 1 



1 

1 

1 

764 

130 

100 

86 

4—12 


A 
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Seco Mecbgmiion in Indian Carp 


(u)Pecl-oraI fins in male and female 
Dniiii^y tb*'^ \siiiflj it was observed 
that for :-amo iciigtli of .fish in Laheo 
yoJiiU the pectoral lies of tiie male ai'e 
better developed than those in the female. 
Siiiiilarlv Ciyr'ldm mrigalo, with one or 
tv/o exceptions, the same rule applied 
(TaWo Illb Such special deveiopmpt ot 
pectoral tins in tlie males of Grypmidae 


has been attributed by some writers 
[Oumiiiig-hara, .lOdO] 1o .-^p.-eia,! exertions 
of the org’ans <lurnii*’ tia‘ Drecdnyy season. 
In the Indian carp, too, dnrniM’ lirecding 
season ilie uiaJe .is always .Jt-ir nmre active 
than the rcmirdo wdiielp duo |o lioavily 
ladden ovaiios, is a,lways sluggish in its 
movemcnlo on such oca'.asions. 


Table III 


Compnrhnn of pectoral finJ> of male and female of Lalx-o rohita {HamiHoi,) 
and. of CiiTliinu mrigala (BamUton) for same Irnplh o) ]mh 





- ■■ 


fJ/rrliiiin mrioi(J‘i 



Labe onmM 






Male 

yenmlo 


Male 

Femi 

lo 

Lengih 
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.riiniuiii 

Le.ii.u4h 

of 
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of 

.LengUi 

o.f 
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of 

of 

body 
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body 
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body 

|)eetoi'al& 
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pectorals 

inni. 

mm. 

nan. 

I inn. 

mm. 

mm. 

mm. 

mm. ,r 

30fi 

.5.S 

305 

45 

271 

5.5 

270 

47 

313 

63 

312 

50 

278 

51 

.,278 ' ■ 

,45 

.320 

['5“ 

320 

54 

280 

50 

.279 

4.4' 

( .50 



373 

7i> 

374 

60 


f6;.> 

(63 

324 

49 

620 

100 

622 

82 

.327 • 

50 . 


.54 
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110 

6.32 

97 

,33(1 

61 

3.30 

50 

6M’5 

.9-/ 

005 
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mo 

,103 
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409 

64.8 

101 

646 

' .S7 

m4 

.110 

614 

9.8 
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no 

6,50 

.89 

020 

i , ■, 113 
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95* 

655 

99 

6.55 

95 

02."i 
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62.5 

m 

66S 

:!.05 

669 

100 
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90 
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JOO 
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6.54 
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These observations, theiefore, show 
that; 

( 1 ) Both, in Laheo roUta arid Oir- 
rhina mrigaki : 

(i) when the pectoral fin is less 
tlian or equal to the anai the 
specimen is always a female; 
but a female may also have 
pectoral fins greater than the 
anals; 

(u) when the pectoral fins are 
greater than the anai, the 
specimen may be 'a male or a „ 
female, but in. the male, the 
pectoral fins are always greater 
than the anals ; 

(2) hiLabeo rohitam the females, 
the pectoral fins though they 
may be greater than the anals, 
are* always less developed 
than the pectorals of the males 
for the same length of fish. The 
same rule, with a few exceptions, 
4 applies to Cirrhina mrigala too. 

Thus, given the same lengths of fish, it 


is easy to distinguish inale and female 
in both these species, but in other cases it 
is rather difficult to do so, except m the 
breeding season when ihe females have 
bulging bellies due to lh.‘ presence oi ova 
in the ovaines and cr, ,i <;asily be re- 
cognised. 

The results obtained hy Mookerjee [1938 
1 and 2] are, therefore, not of uiiiyersaJ 
application and it would be interesting to 
know if the two specie^ of carp namely 
LaJbeo rohiici and Girrhina ‘mrigala show 
similar variations witl. regard to the 
pectoral and anal fins in other parts ot 
India as those observed iii the Puigab. 
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STREPTOCOCCI FROM EQUINE STRANGLES IN INDIA 

By y. K. Eajagop.\lan, G. M. V. C., Dip. Baoi. (M-anch.) aud M. Isbau., G. V". Sc., 
Imperial Veterinary Besearch Institute, Mukteswai 

’ (Eeeeived for publication on 14 June 1944) 


The demand for the preparation of a 
strangles vaccine for experimental use iii 
the field led us to examine streptococci 
from cases of strangles with a view to 
isolate virulent strains of Streptococcus 
equi. It was remarkable that ^ contrary to 
expectation out of eleven strains of strep- 
tococci isolated from strangles abscesses, 
only one conformed to the description oi 
Str- equi. 

Schntz [1887] discovered the strepto- 
coccus of strangles but Sand and ^ Jensen 
[1888] gave an adequate description, and 
designated the organism , equL This, 
however, was often confused with other 


closelv-related streptococci from equines. 
Evans [1936] has referred to the common 
but erroneous practice of callihg any 
strexDtococciis recovered from a disease in 
horses diagnosed as strangles, ^‘Strepto- 
coccus equi\ This was especially the 
case when streptococci were classified hy 
Holman’s method. Wlien Ogura [1929] 
and more particularly Edwards [1933] 
showed the value of trehalose and sorbitol 
as additional reagents,^ sulistrains could 
be more clearly distiiiguished. The studies 
of Bazely and Battle [1940] on haemolytic 
strejitococci from aqiaiie infections have 
thrown fresh light on the subject. Besides 
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confirming the utility of lactose, trehalose 
and sorbitol as differential substances, 
they 'i'tye showji tliat colony cliaracteristics 
i slide ^agglutination tests are useful, 
aijimcts for typo diti'erej.itiatiou. Five 
types of equine strep t<x‘ocei were found 
by tliein and the distribution of these 
types in various infections was indicated. 
Material ajid methods 
Of the 39 strains studied 11 wore receiv- 
ed from Major W.P.S. Edwards, R. A. V. 0., 
who had ^ isolated them from strangles 
abscesses in India. Six strains were isola- 
ted by us from material obtained by 
SrinivavSan and Choudliury (article in 
press) at Mukteswar, viz. from deep 
swabs from the noistrils and from ynis 
of fresh submaxillary abscesses. Two 
strains were isolated liy Mr Shirlaw from 
orchitis in donkeys. Ten strains, repre- 
senting types 1, 2, 3, and 4 of Bazeley and 
Battle [1940], were received in a ‘drie<l 
state from Mr Bazeley of the Common- 
wealth Serum Laboratories, Australia, 
lliey had been isolated from fresh or 
previously opened strangles abscesses and 
from respiratory catarrh. Ten were our 
own laboratory strains from eases of 
strangles. A few of the strains mention- 
ed above were from sources other than 
strangles but they were included in order 
to determine their type. 

With all materials purity tests were 
first made on blood agar and represen- 
tative colonies identified bv biochemical 
tests, btock cultures were kept on blood 
agar slants under paraffin. Haemolvsis 
tests were made on 5 per cent slieep-blood 
agar, observations being made before and 
after refrigeration, h’ermeiitation tests 
were made in peptone water containing 
1 per cent horse serum and vkndrade indi- 
cator, 1 per cent of the ^iSugar’ being added 
Irom an autoclaved solution. Incubation 
was for seven days and seeding was heavy 
from an actively gi owing cnltiiri^ The 
S'hicow. broth [Avery 
and Cullen, 1919] was made after three 
days. The methylene bine reduction test 
made much according to the technique^ 


of Edwards [1933], the medium being 
beef in fusion containing 1(1 per cxmt casein 
digest, I per (u.nit poptoiif^ and medicinal 
methylene blue to givo final c,oncoutratiou 
of 1 : 100,(100. Tiio m(.uliin!i was seeded 
frorn^ an actively growing culture and 
examined after 24 hours at 37'’ (1 (Irowth. 
in bile salt Avas tested atccoiding to 
Belenky and Pejunva [1929J, viz. on blood 
agar plates containing 10 and 40 peu' cent 
sodium taurocliolate. Hydrolysis of so- 
dium bippurate was t<'ste<l by the .nudliod 
of Ayers and Rupp [1922]. 

Serological. Qronp differeutiation by 
precipitation tests wrns made according 
to Lanceliold [1928] and type diffuamti- 
ation by slide agglutination tests ac(uu‘diiig 
to Bazeley and Battle {loe. cit.) Sera were 
from rabbits wbieli bad receivcul at five 
day intervals eight inj(‘ctioiis of carefully 
heat-killed young streptococcus culture, as 
advised by Bazeley and Battle. 

Suspensions for agglutination tests 
were made as follows : Overnight cultures 
in tryptic digest bj-oti], containing varying 
quantities of horse serum up to 5 per cent, 
were tymtrifuged and the deposit suspended 
in saline with 1 : 10,000 mertliiolate. Sera, 
unabsorbed and absorbed with heterologous 
strains, Avere diluted to give specific agglu- 
tination in 20 seconds. Equal-sized drops 
of serum dilution and suspension were 
placed side by side Avithin 1 in. squares on 
glass plates, run together, rocked and the 
time for agglutination noted. 

Results 

All strains belonged to Lancefield’s 
gronp C, Avere p-baemo lytic, and not beat- 
resistant (fiO'^C. 30 min.). TJie classification 
adopted Avas iht\t used by Baz(dcy and 
Battle (7oc. Diiten-ntiatioi) was fiiainly 
by biochemical tests, for in slides aggluti- 
nation tests, cross rciactions were oifiaiiied 
betAveen the types, even Avitli the m,e of 
absorbed S(WO and s('ra diluted P- rtid titn' 
Most neAv strains cnukl be as^.,gmH.l to one 
or other of Bazeley’s I)iochcmical tv])s. 1 
2 “4. .1 (Table I). Typa .1 ,stnu,us (St.r 
egw) difier from ollicrs by their inalulily 
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to ferment mannitol^ lactose, trehalose and 
sorLitoL Type 2 ferment lactose and 
sorbitol; type 3 only sorbitol bnt not 
lactose; and type 4 arc trehalose fermen- 
ters. Type 4 can also be differentiated 
from types 1, 2 and 3 by the ability of the 
former to reduce methylene blue and to 
grow in the presence of bile salts. Dif- 
ferences in colony structure [Bazeley and 
Battle, 1940] also proved helpful. Colonies 
of type 1 strains (Str, egui) were most 
distinctive, surface colonies having a zone 
of clear haemolysis with a very narrow 
peripheral zone of partial haemolysis. 
Colonies were mucoid, transparent and 
homogeneous, drawing to a thread wdien 




touched by a loop. Adjacent colonies had 
a tendency to coalesce. The haemolytic 
zone in this type was biggest in relation 
to the size of the colony. Differences 
between colonies of types 1, 2 and 4 were 
not sufficiently distinctive to enable one to 
place them definitely in their respective 
types wdthoiit reference to biochemical 
tests. As a rule, colonies of streptococci 
of types 2 and 3 had a larger haemolytic 
zone than those of type 4. Type 4 colonies 
were granular and opaque, had a central 
opaque nucleus and portions of the colony 
were buried in the medium. Type 3 colo- 
nies were relatively transparent, as also 
were the margins of those of type 2. 


Table I 

Streptococci from strangles in India 







Reaction in 





Growth in 
presence of 
bile salts 





1 

1 


! 

S 

a, 

ft 


% 

•S 

3q 

"a 

'a 

V 

2 

W 

Disease 

o 

s 

Saliein 

Lactose 

O 

pi 

Sorbitol 

Final pH 

S' 

.a 

■o) 

o 

. # 
o 

1 


Resp. catarrh 


+ 



_ 

_ 

4-8 



__ 

- 

2 

1 

Fresh siibmax. abscess 

— 

+ 

— 

— 

— 

— 

4-8 


_ 

— 

J5— 4 


Open pubmax. abscess 

— 


4- 

— 

4* 

— 

4-8 


— 

— : 

5 


Rep. catarrh 

— 

-h 

4" 

— 

4- 

— 

4‘8 

— 

— 

■— 

6 

2 

Sinusitis 

— 

+ 


— 

4- 

— 

5-4 

■ 

— 

■ ' 

7—9 


Fresh? Subraax. abscess .. 

— 

4- 

+ 

— 

4- 

__ 

(1) 4-S, 

(2) 4-6 

_ ^ 

— 

— 

10—11 


Orchitis 

— 

+ 


— 

4- 

' — 

4-6 

— 

— 

— 

12 

3 

Resp. catarrh 

— 

+ 


— 

4- 

— 

4-5 

— 

• — 

— 

13—15 


Fresh sab-max. abscess . . 


4 - 

_ 

4- 


— 

(1) 4-6, 

(2) 5-0 
4-.8 

h 

4' 


' 16 


Re.sp. catarrh 

— 

+ 

— . 

4- 

— 

— 

4- 

4- 

— 

17—22 

4 

Fresh? aubmax. abscess .. 

■ ~ 

4" 

— 

+ 

— 

— 

(1) 4-7, 
(5) 4-8 

> 

4- 


23—25 


Strangles-Respiratory sym- 
ptoms only-Nasal swabs- 
same outbreak as Nos. 26 
to 28 


+ 


4- 



4-S 

+ 

4- . 


20—29 


Fresh submax. abscess .. 


+ 

__ 

4- 

— 

“ 

(1) 4-8, 
(3) 5-0 

4- 

4- 

— 

30 


Fre.sh submax. abscess 


+ 

4- 

4- 

— 

— 

4-0 

-b 

4- 

— , 

31 

2* 

„ „ „ 

•+ 

+ 


4- 

4- 

— 

4-6 

+ 

4* 

— 

32 —36 


Fresh submax. abscess 

+ 

+ 

— 

4- 

4- 

_ 

(2) 4-0, 

(3) 4-2 

4- 

4- 

- 1 - 

37 

1* 

Fresh subinax. abscess 

— 

4- 

4- 

— 

. — 

— 

4*2 

_■ 

4- 

— 

38 


Kidney abscess 

+ 

4- 


4- 

4- 

— 

4-0 

4- 

4- 

: 4* 

39 


Hock joint 







.5-0 

4- 

4- 



Strains 1 to 6 and 12 to 16 are of Australion origin and were received from’ Mr Bazeley. 
Variants of type 2 or type 1 straijas, as iiidicateh 
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Of 11 strana isolated from strangles 
abscesses by Edwards, one was type 1, i.e. 
Str. equi, two wore type 2, six were type 
4 and tlie remaining two were ina unite 
fermenters railing outside the classilicatioii 
of Bazeley and Battle. The six strains 
isolated from, nasal discliarge and freshly 
opened submaxillary abscesses ot* cases of 
strangles in this Institute, belonged to 
type - 4. Of the ten strains in stock and 
isolated between .1923 and 1931, S had been 
isolated from strangles pus; of tliesci, one 
was type 2, one type 4 and tbe olijer six 
fell outsi(,le Bazeley and Battle's classiliea- 
tion. Of these six strains, liv'-e somevvhat 
resembled variants of typo 2 strains of Ochi 
and Sirao [1940], as a-lso was the ease 
with Edwards’ maunite-fermenting strains. 
The sixth resembled the lirst variant from 
type 1 strains of tlie same workers. 

Discitssion 

Bazeley and Battle found that strains 
isolated from freshly opened straiigb^s 
abscesses were exclusively Str, egni and 
this conforms with the findings of .most 
other workers. But it was remai-kable 
that all the strains isolated from freshly 
opened sub-maxillary abscesses iii the out- 
break, clinically diagnosed as strangles at 
this Institute, were type 4. Six ofll re- 
cently isolated strains from cases of 
strangles forAvarded by Edwards were also 
type 4; only one was St r, eg id, two were 
type 2 and two others w(m*o probably 
variants of type 2. Haddow^ anil 
Iyer [1939], who examined 31 strains 
from cases of strangles, found 9 ojily which 
conformed to the descrip! ion of Str. 
equi 

The paucity of Irm^ Sir. equi (i. e. 
non-lactose fermenter), the Miiding of type 
4 in one outbi- 'ak to the exclusion of all 
other types, and the genera! preponder- 
ance of tyq:>es other than Str, eqid among 
strains^ isolated from cases of .^irangles 
in India call for some comnient. If the 
.strains had been isolated from ab ■.cesses 
opened several days previously, the pre- 
ponderance of types 4 and 2 might ])e ex- 


plained on tlie analogy of tin* lindiiigs of 
Bazeley and Battle [19U)]. Cut., llioiigh 
we have no data oti iiiiH point r(^gar<liug 
Edwanls’ strains, W(‘ know Ihnl liio 
Iiistitnhi strains, wliicJi wer(‘ a,!! oxi'lis.jvi'- 
ly typo 4, werci obinind fi'oni (yey.hlij- 
opened abscesses. 

We have ixMiU accostomf-d so faj- to 
consider ‘strangles’ as a spi'c.iljc disease 
caused liy Str. eqid. .hi view of ihe had- 
iiigs re])orted in this ariicle, a!i<i in aeeord- 
ance with the drdinition p:it I'orward by 
Minett [1944] ‘strangles’ mas’ iiavi‘ to iu' 
accepted as a nwin used in ;i elinieal sense 
to a disoas(‘ of lior-.os a 'id nmles in\-o!\ing 
the ipipm' r(‘S|)ii-aiorv iruid, rreipienlly 
aceompanii'd liy siippiiraiioii of glands 
about the throa,t anil eaii.-s'd !(y liasarndyru'. 
streptococci Ixdonging to hancelield’s 
seroIogi(‘al grou[) <1 1, hough, nol lu'cessurily 
of tlie same biochemical and serological 
type. 

Admittedly, the iiumlier of si.rains iiSinJ 
in this study is small, and it may not hi* 
possiljlo to ilraw general eoncinsions. .But 
tiiese lindings call for ihe detailed study 
of a siilliciently large mimbt‘r of Indian 
strains fi'oin animals whose clinical, his- 
t.ory is known. 

Summary 

T.lurty-nine strains of stroptoencci from 
equine sources have been classified accord- 
ing to the method of Bazeley and Battle 
[iMO]. Seventeen of these we,re j'ecently 
isolated from cases of st.rangies in .liidia. 
Goiitrary to expectation, only one of the 
seventeen strains was Sir, equi, while .12 
belonged to type 4 of 'Mitf ntilhorN nanicfL 
Six strains from one outbreak br-ionged i,o 
type 4, two others were lype 2 and tv.o; 
were possibly variaut.s of tyfle 2. 

AOX N 0 W L [-mo EM, liX T 

We are obliged to Mv L. Bazi.-icy, 
Australia, for tln^ suppls- of (y^je strains 
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OBSERVATIONS ON THE LIFE-HISTORY OF SdEUAPHYBALIS 
BISPIWO, S4 NEUMANN* 

By S. N. Sapse, B. Sc., G. B. V. C., Research Scholar, Imperial VelerUiary 
Research Institute, Mukteswar 

(Received for publication on IT June 1944) 


Observations on tlie .life-liistory and 
Bionomios of this parasite wliicli is the 
commonest one in Newzealand have so far 
been made by Miller [1922] and Myers 
[1923]. 

These workers have made their obser- 
vations iiiider field conditions without 
keeping any record, whatsoever,^ of the 
atmospheric conditions; and again their 
observations are only in round and ap- 
proximate figures. For example the para- 
sitic periods in all the three stages namely 
larvae, nymphs and adults, are recorded 
as extending over one week, while the 
non-parasitic periods in both the larval as 
well as the nymphal stages are observed 
as three weeks. 

In the present communication, however, 
it was proposed to study the life-history 
ill hiller' details but unfortunately the 
whole consignment procured for this pur- 
pose from the Veterinary Assistant Bur- 
geon, Birsi, N, .Kanara .Dist. (Bombay 
Province), was found to be parasitized by 
the Enevrtid, EiuitereMiis hookeri (order 
F[\Tnenoi')t<H*a') and only a few adults were 
available for tlie purpose of this study. 
The oibsei’vations were started in May 
.1938, on the receipt of the consignment and 
bullocks and goats were used for feeding 
the ticks. In their non-parasitic stages, 


the ticks were kept at a temperature of 

22"C. 

I Omposition. Seven gravid females 
were available. The duration of oviposi- 
tion ranged from 7 to 15 days, while the 
period of survival of the female after 
oviposition ceased was three to six days. 
The female lays from 784 to 1849 eggs 
(average 1333*4). 

II Egg stage. Only some 600 to 700 
larvae emerged from the lot of about 9,000 
eggs. The duration of the egg-stage as 
calculated from the date of commencement 
of oviposition to the date of emergence of 
the first larva was on an average 30 days. 

III Larval stage. Eecently emerged 
larvae, numbering about 675, divided into 
several batches, were put on goats and 
hill-bulls for feeding. Percentage reco- 
veries of engorged larvae were as follows : 
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54 
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" Paper read at th.e Indian Science Congress, Baroda, 
January 1942 « 
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In the batches from the goat nymphs 
emerged after 17 to 24 days most om 20 
and 21 days, while in those from the hiU 
bull the nymphs emerged after 18 to 2o 

Nymphal stage. On 25-8-38 about 
100 nymphs were xolaced on. a goat and 
an equal number on a hill bull. They fed 
on the goat for 6 to 12 days, most leaving 
the host after seven and eight days. Nearly 
half the number placed on the bull were 
lost accidentally and of the rest most left 
the host after eight days, but one individual 
remained attached for 15 days. A total 
of 153 adults from both groups emerged 
after 28 to 34 days, comprising of 63 males 
and 90 females. 

V Adult stage. Observations on the 
parasitic period of the adult stage were 
not carried out in continuity of the above 
experiments, but were made at a later date 
only on goats. About 14 adults were 
observed which dropped off as follows: 


two on day eight, one on day nine, four on 
day 10 and seven on day 12. 

Summary 

Haemaphysalis bispinosa wa,s reared 
easily on goats and. liill-hulls. oviposi- 
tion period was 7 to 15 days and tlie per.iod. 
of survival of the i’einale after oviposition 
ceased was three to six days. Ohio duration 
of egg-stage was on an average 30 da>ns. 
Larvae were fully engorged in 4 to 10 
days. Nymphs remained attached for b 
to 12 days, in exceptional cases tor 15 days. 
The parasitic period of the adult was from 
8 to 12 days. The larval and nymplial 
periods (non-pai'asitic), counting Itoui the 
date of engorgement, were 17 to 25 aiid 28 
to 34 days, respectively at 22'"C. Of 153 
adults, 63 wer(.^ males air.l 90 females. 
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A NOTE ON PULLORUM DISEASE SURVEY IN INDIA 

By S. G. Iyer and Z. A. Hashmi, Poultry Research Section, Imperial Viderinary 
Research Institute, Izatnagar 


(Received for publication on 30 August 1944) 


As is well-known, bacillary white diar- 
rhoea or more correctly ‘p^dloriiin 
disease ’ has assumed serious jproportions 
in many countries, the increase in incidence 
running parallel with the progress in 
artificial incubation and baby chick traffic. 
Cooper and Naik [1931], from an outbreak 
in the United Provinces, isolated a 
microorganism which they typed as 
8. galUnarmn. {8. piiUoriim is now 
classed as a variant of 8. galUnarum.) 
Naidu [1938] reported its occurrence in 
large number of fowls from Mysore state. 

As the poultry industry is rapidly 
developing in India and as a few farms 
have, actually started the production and 
supply of artificially-hatched baby chicks, 
an extensive survey of the country was 
undertaken to find out the incidence of 
this disease. State and Provincial 


Poultry Disease Officers also coopeniied 
by undertaking similar Burvtiys witlnn 
their areas. 

Experimental 

For the detection of piillornm-infected 
fowls the rapid whole-blood stained-antigen 
test, as described by Schaffer, Macdonld. 
Hall and Bunyea [1931] and listed l»y 
English and American wurk(;rH, was em- 
ployed with slight modifications. Thr(.;e 
authentic strains of 8. pullornnh, from ilie 
Veterinary Laboratory of th(( Minisi.ry of 
Agriculture in .England, were^ iiKJorjJorai- 
ed in the antigen xiiTipared for tin; t<^si. 
A drop of blood from tlni wing v((in or 
the snipxjed comb was mixed on a glass 
plate with an equal quantity of the stan- 
dardized antigen (a thick, stained and 
killed saline suspension of 8. pullorum). 
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C'] limping (aggiuLiriatioii) of bacteria 
occurred in a miiiiito or two it* tlie blood 
wfcis from an infected fowl, otherwise the 
mixture remained uniformly homogeneous. 
This testis rather delicate, but is parti- 
cularly useful under field conditions. 

The birds examined were all mature 
and most of them from breeding stock. 
They belonged do 23 poultry farms, spread 
over IT. P., Bihar, Orissa, Mysore and 
Punjab. Those farms are all organized 
and run on progressive lines (artificial 
incubation, etc.) and should thus cons- 
titute the probaiile foci of infection if any 
were present. In all, 3798 birds were 
tested but none « of them was found to be 
infected. In addition, the Poultry Dis- 
ease Officers of Mysore, 0. P., Madras, 
Bengal , and Assam examined a further 
* number of 1219 birds. Out of these, only 
11 birds from Mysore (Hebbal Farm) 
gave doubtful reactions, the rest reacting 
negatively. Bunyeaand Macdonald [1941] 
Holm, William, Callahan and Halversen 
* [1940] and Johnson and Pollard [1940] 
described certain conditions leading to 
false or non-specific reactions wuth this 
test. Materials from the suspicious re- 
actors were therefore submitted to more 
detailed laboratory examination, but all 
proved negative for S. pidlomm infec- 
► tion. 

These results suggest that pullorum 
disease is of no great significance at pre- 
sent to the poultry industry in this coun- 
try. This apparent freedom is probably 
■' due to the absence of commercial hatch- 
eries engaged in baby chick traffie. In 
view of the fact that the disease has been 
responsible for enormous losses in other 
parts of the world, it is erssential that 
every, possible effort should be made to 
i locate and stamp out any possible source 
of infection, so as to prevent its spread 


throughout the country. Careful vigilance 
by the livestock departmeiits with periodic 
surveys of areas under tlieir jurisdiction 
and the education of all concerned in the 
diagnosis and control of the disease should 
therefore form an integral part of their 
poultry improvement plans. It is also 
suggested that all imported birds should 
be tested prior to their inclusion in the 
stock, so as to prevent the introduction, of 
the disease into the country. 

Summary 

A total of 5017 adult fowls were tested 
for pullorum disease by the quick ag- 
glutination method wntli completely nega- 
tive results, save in the case of 11 birds 
which gave suspicious reactions. A more de- 
tailed examination of these birds did not 
show' pullorum infection. The birds inclu- 
ded in this survey were mostly from or- 
ganized poultry farms, situated in U.P., 
Bihar, Orissa, .Punjab, Mysore, C.P., 
Madras, Bengal and x4ssam. The survey 
Avas therefore well-distributed and repre- 
sentative. 
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A CASE REPORT OF BOVINE ENCEPHALOMYELITIS AT THE 
BENGAL VETERINARY COLLEGE HOSPITAL 

By A, Mukeeji, B. Sc., G-. V. Sc., Laboratory Assistant, Ben.^ai Vi'terinary 
College, Calcutta 

(Eeceivod for publication on 6 March. 1941 ) 


The object of this paper is to place on 
record the cccurreuee of Encephalomyeli- 
tis in a cow in tlie Bengal Veterinary 
College Hospital during the month of 
November, 1943. 

Inteodugtioh 

Borna disease (Syn: — Enzootic men- 
ingo-eneephalomyelitis) occurs primarily 
in horses hut cattle, sheep, deei’, etc. also 
become infected. Nicolan. and Galloway 
[1927] had shown that a variety of domes- 
ticated animals is susceptible to a sx)eoilic 
encephalomyelitis caused by the virus of 
Borna disease. This disease has a wide 
distribution in Europe, particularly in 
Germany, and also in America. A disease of 
young cattle described by McNutt [1940] 
as primarily an infectious encephalitis and 
meiiicgitis, having a close resemblance to 
Listerella infection, was later found to be 
clue to a virus — the probable etiology of 
bovine encephalomyelitis. A.xi outbreak 
of bovine encepbalomye litis, caused in all 
robability by an ultra-visible virus, lias 
een recorded from the Imperial Veter- 
inary Research Institute, Izatnagar 
[Hassan and Idnani, 1943]. The present 
paper deals with what appears to be the 
similar affection in a six-year old grey 
Nagore cow, which was admitted in the 
Bengal Veterinary College Hospital on 
19-ll-’48 for invistigation, diagnosis and 
treatment, 

Symptomatology 

The onset of the disease was sudden. 
Restlessness, stamping of the feet, bellow- 
ing, staggering, attacking the surrounding 
objects switching of the tail and frequent 
attempts at micturition were the earlv 
symptoms observed. Temperature was 
elevated only slightly above the normal, 


bowels were constipated, ui’im* was scanty 
and rumination was .stopp('d. Hyper- 
esthesia in the region of face, neck and 
along the vertebral column wUvS pronounc- 
ed and reflex irritability wuis increased. 
Slight external stimuli were sufficient tii 
cause genei’al cramp. Th(3 |)eriod of 
excitement lasted for about 24 hours and 
was followed by })rugressi\'e diipri'ssion. 
In co-ordination with these loss of power 
in the hind limbs bocaim^ manifesi. Later, 
fiaralysis supervened ami tlu.‘ animal col- 
lapsed. Twitching of the suxierlicial 
mnsoles, specially of tlu' faci^ and neck, 
with spasms of tlie oxti’eniitios, specially 
of the hind legs, were marked. There 
was difficulty in swallowing from the very 
outset and saliva flowed out of the mouth. 
The neck became stiff and was bent ]3ack- 
wards. Pupils were dilated and the reac- 
tion to light was entirely absout. Respira - 
tion during the period of excitement was 
accelerated, but afterwards retanled and 
became superficial. Temperaturt^ came 
down to normal on (die termination of 
excitement and then became submu-mal 
towards the end. Hyperestlu'sia and 
reflex irritability, wbich were iucreas{Mi at, 
the commencement, passed off as tlie 
disease progressed. Repeated straining 
resulting in prolap.se of the rectum and 
vagina was a marked feature of tlie dis- 
ease. Towards the end, the animal passed 
on to coma and complete paralysis and 
died on 29-11-43, i.e. after suffering for 
ten days. 

POST-MOBTEM r,IXDj;NfiS 
AND LABOEA't'OBY JIUGNOSIB 
The only organs which sliowed changi's 
of specific naturL' were the brain, tini 
sihnal cord and (he meninges, d.hie.se 
organs showed numoroii.s pinpoint 
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haemorrhages and the cerebrospinal fluid 
both in the meningeal spaces and the 
ventricles of the brain appeared to be 
clear and increased in amount. The gas- 
tro-intestiiial tract showed inflammatory 
changes. Microscopical examination of 
smears from different organs of the body 
yielded negative result, and an attempt at 
cultivating bacteria from the brain proved 
futile. Smears from hippocampus was 
examined and found to be negative for 
Negri bodies. Pieces of brain and spinal 
cord fixed in 75 per cent alcohol were sent 
to the Imperial Veterinary Eesearch 
Institute, Izatnagar, for histo-patho- 
logical examination and the following re- 
port was received: ‘ Tim Bpecimeii from 
the cow revealed extensive degeneration 
of the nerve cells and very marljed peri- 
vascular cuffing on microscopical ex- 
amination. These changes are indicative 
of encephalomyelitish 

The above finding’s confirmed the result 
of the following transmission experiments 
conducted in the College Laboratory, 


incubation 17 days ,* F,M.— “Encephal- 

omyelitis. 

G. P. 2. Serially inoculated subdurally 
with 0.1 c.c. saline emulsion obtained 
from G. P. 1 ; paralysis on the 15th day, 
died on the T 6th day, period of incubation 
15 days, P.M.— -Encephalomyelitis. 

Bull-calf 1. Intranasal instillation with 
saline emulsion of brain and spinal cord 
of G. P, 1, developed inco-ordination on 
tbe 22nd day followed by progressive 
paralysis and death on the 25tli day, 
period of incubation— 22 days, P. — 
Encephalomyelitis. 

G. P. s 3 and 4. Inoculated subdurally 
with 0.1 c.c. saline emulsion of brain 
and spinal cord of bull-calf 1, developed 
paralysis on tbe 19th day, died on the 
21st day, period of incubaton — 19 days, 
P. M. — Eiicepbalomyelitis. ^ ^ 

Note: Attempts at cultivating bacteria 
from the central nervous system of the 
test animals proved negative. 

AoKUOWIiBDGEMBNT 


Teansmission BXPEEIMENTS 

Small pieces from representative areas 
of brain and spinal oorcl w^ere triturated 
in normal saline solution with aseptic 
precautions and an uniform emulsion thus 
prepared consitituted the inoculum for the 
following transmission experiments. 

G. P. i. Inoculated subdurally with 
0.1 c.c. inooulum obtained from the cow, 
developed paralytic symptoms, on the 17th 
day, died on the 18th day, period o± 


The author is highly indebted to the 
Principal, Mr A. Latiff, B. H. V. S., for 
the facilities afforded for this special 
wnrk ill the College Laboratory. 
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. GANINB LEPTOSPIROSIS in: CALCUTTA;. 

By B. M. Das Gupta and B. L. Sek, from the Dopartiuent of ProiozoologA-, Scliooi of 
Tropical Medidne, Calcntta 

■ (Eeceivod for publication ou 10 July 1944) 

(WilU Plate It ) 


Lt?PTOSPIBA ICmOEAEMOBJiEAGlATS*' WaS 
discovered by Inada and Ido [1915] who 
observed the organism in the blood and 
tissues of patients suffering from 'WeiPs 
disease. A year later, ijhlenhuth and 
Tromme described a case of infective 
jaundice in the dog with Leptospirae in 
the liver and suggested the possibility of 
a connection bet^veen the disease in the 
dog and WeiPs disease of man. Since 
then leptospiral disease in dogs has been 
recorded by various workers in different 
parts of the world. In localities where 
canine leptospirosis exists, two types of 
the disease are usually noted :—(l) A 
disease identical with WeiPs disease in 
man and accompanied by jaundice, the 
causal organism being L. ioterohaemor- 
rhagiae, (2) Another type which is more 
frequent, L. canicola being the infective 
agent. The disease caused hy L. ictero- 
Jiaemorrhagiae usually occurs in j'oung 
dogs, ^ and runs an acute course, and 
jaundice is a prominent feature, whereas 
the disease caused by L. canicola runs a 
more ehrpnic course and is characterized 
by uraemic symptoms, and in most eases 
jaundice is absent. Moreover, other types 
of Leplospirar, ospociaily L. Jiehdomadis 
of Aldyami A typo, have been known to 
occur in the dog [Fletcher, 1927]. 

Ill India, Ayyar [1932] described an 
outbreak of leptospiral javmdiee among 
the Madras hounds, i)f the 12 dogs 
examined post mortem by this wmrker, 
the liver and kidney substance of only one 
animal showed forms iiidistingiiishable 
from Leptospira and out of 31 guinea- 

Tiie organisHMvas iiaiHed Binrocliaeia ioieroliaemor- 
rhagiae by its diseoverers. Lulor on, wben ita morpho- 
logy waa studied by Noguchi, it was found to be so 
dist.inciive that a new genua was established and the 
paganism w'as nsnumod Leptospira icterofiaemorrhagiae^ 


pigs inoculated witli different materials 
from these dogs only oii two occasions 
were Leptospirae definitely revealed in 
the liver. Sera of 4 dog. is which survived 
were tested at the Medical Research 
lustitute, Kiiaialumpur, and it was found 
that ail these specimens reacted with the 
classical L. icterohaemor rhagiae. It is 
rather unfortunatt^ that it was not possi 
ble to obtain a culture of tin? causal 
organism in a u.v i’iise, all hough tinn'o was 
ample opportunity in that quite a nuaiber 
of animals was involved in this onthreak. 

Present investiuation 

In February last Major General W.C. 
Paton informed the senior autlior that his 
dog was suddenly taken ill, devaiioped 
jauiidieo and died witliin throe or four 
days of llie onset, which aroused the suspi- 
cion tJml: leptospiral disease probably 
exists in Calcutta. It may be rocaile*! 
here that tlie oecurrence of human, leptos- 
pirosis has already been reported in this 
city [Das Gupta & Chopra, 1937]. 

On 24-3-1914 (about a month or so 
after the death of General Patoids dog), 
a i.laehsuiid puji, aged months, became 
acutely ill, refused all food in tlie morning 
and took a little in the afternoon only to 
vomit immediately after. 

25-3-44 Passed loose stools c(.>ntaining 
blood. Tern pea ture 99'' F. 

29-3-44 There was frequent s'oniitih:.’: 
and the \-omited luatt.n; con 
tained blood; (^(mjiine}i\'n,<! 
slightly ictvrie, 

27- 3-44 Vomiting porsi.spM.} ; jaundice 

more marked. 

28- 3-44 Developed intense ja,LuidIce ai,id 

d,ifficulty of re‘S[)iratioii. T.he 
animal appeared a.liuost muri- 
bund. 


M.B. Das Gupta a:itd E.L. Sem 


Dr Aiitlioiiy who was treating this pup, 
diagnosed the case as one of leptospirosis 
on clinical grounds. In the light of this 
suggestion the following examinations 
were undertaken: — 
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was cultured on \^ervoort^s medium. As 
only scanty growth was obtained in this 
medium, cultivation on Fletcher’s medium 


Blood serum was put up for agg-iutina- 
_ ^ion test against L. icier ohaemorrhagiae 
and L. canicola. 

The animal was sacrificed. Sections 
were taken from liver and were stained 
by iiaeniatox3din-eosin for a histo-patho- 
logical stud,v. Portions of the liver and 
kidneys were ground up and emulsified in 
normal saline. Several preparations of 
^ tho emulsion were examined under dark- 
ground illumination ioT Leptospira. Four 
young guinea-pigs and three full-grown 
dogs (as_ young dogs were not available 
at the time) were inoculated intraperi- 
toneail)' with this emulsion. 

Eesults 

Pwp.— The serum did not react with 
L. icter ohaemorrhagiae but agglutinated 
L. canicola. in low dilutions (upto 1:40). 

• *rhiH reaction is apparently non-specific, 
inasmuch as this particular strain has been 
found to react with fresh human and 
various animal sera in low dilutions upto 
1:80 [Das Gupta, 1942]. 

No Leptospirae could be seen in the 
emulsion in spite of prolonged search. 

'# Section of liver revealed necrosis’ and 
fatty degeneration (Plate II fig. 1). 
Inoculated annuals ; — 

(a) Dogs.— AW dogs remained alive 
and woll for three weeks. 

(b) G’uineapigs . — Out of four guiiiea- 
i>igs, two developed typical signs of 
iepfospiral infection. Of these one died 
«»u Ihe 17tii day of inoculation and on the 
iiexl- day the other animal wnis almost 
dying, when it was killed. The liver 
^niiiilsion of this animal was found to show 
a considerable number of active^ motile 
Ijepiospirae. Also sections were taken 
from tlie liver and stained by LevaditPs 
method ; these were crammed with Leptos- 
■pirae arranged at the periphery of the 
liver cells (Plate II, fig. 2). Heart blood 
<'onlaining a fair number of the organism 


was tried. After repeated subcultivation 
in the latter meduim there was a luxuriant 
growth which was utilized in performing 
agglutination tests against various anti- 
sera prepared in tliis laboratory. 

Table shoiving agglutination reaction with 
anti-sera prepared against a dog siram^ 
three human strums and one revt strain. 

(The (io^ fltvniii w:is obfained from tho Lister lastitute, 
London, .and tho otliars were isolate.; by the authors') 


Soiiveft of the st.i';,!in 

( 

Anti-sera 

R (‘Suits 

Lepioitpini isolated 

Lep / as Hint r ani cola 

0 

from Dr Cox’s 
pup 

(clog .strain) 


Andamans OH 31=Z 
grippaiyphosa 

0 


•Andamans OH 11 

0 


L. ieteroUaemorrhagiae * 

(human strain) 

1:10,000 


L. ieterohaernorrhagiae 
(vat strain) ’ 

1:10,000 


Comments 


It will be seen from the foregoing that 
t a spite of laborious search of the’ liver 
and kidne\' emulsion of the pup under 
dark-gromid illumination it was not pos- 
the Leptospira. 
Ut the three dogs inoculated with the 
emulsion none developed the disease. Out 
ot four guinea-pigs which received a large 
dose of the emulsion, only in two animals 
was the infection produced. If only one 
animal had been used for the diagnostic 
inoculation, as is usually done, the infection 
might have possibly been missed. It 
follows, therefore, that the isolation of 
Leptospira in dogs in some eases at least 
may be extremely difficult. 

Summary 

A ease of leptospirai jaundice in the 
dog caused by Leptospira icterohaemor-^ 
rhagiae is described. 
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Wai;al Enteritis in Goats 
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FATAL ENTERITIS IN GOATS DUE TO IMMATURE AMPHISTOMES, 
PROBABLY OOTTLOFEOBON GOTinjOPHOm 

By S. V. Mudaliar, G.M.V.C., Lecturer in Parasitology, Madras Veterinary 
College, Madra.s 

(From the Departnienl of Helminthology, Imperial Veterinary Eesearch 
Institute, Izatnagar) 


(Refiidved for publioatlon on 28 April 1944) 


(With Plato III) 


During the months of February and 
Mardi 1943, 19 out of a herd of 40 goats 
in the Madras Pinjrapoie gosala succnm- 
bedto disease. During the day, it had been 
the custom to take these animals out to 
graze to an area round about a tank bed 
near the Pinjrapoie, and at night to pen 
them in the stalls of i\i^ gosala. 

The symptoms exhibited by the diseased 
animals were a general w<*akness with 
suspended feeding, great depression, inabi- 
lity to move about and oedema of the 
subciita Ilf -oils lissuevs, pjarticidarly of the 
lower jaw. The swelling in the region of 
the jaw appeared very predoininant m the 
morning but was b';ss noticeable in the 
evening. Tlir- goats were visibly ill for a 
couple of days and by about the third day 
they exhibited symptoms of diarrhoea. 
The faecal matter was dark in colour, of a 
thin consistency and had an offensive 
smell. This wa.s followed by pr<,istration 
and death in about live or six'days. 

■^Ptiper presciitofl before the Tndia-Ti Scienen OowgjresB 
in year 1944. 


Attemiits to diagnose the cohditioii 
during life were unsuccessful. The only 
feature noticed which could throw light on 
its etiology was severe anaemia accom- 
panied with intense leiicoeytosis, particu- 
larly of the neutropiiiles and cosinophiles. 
The faecal examination revealed a few ova 
of strongyies and amphistomes, 

POBT-MOBTEM APPEAttANOES 
It was not possible to cojidnct a post-. 
mortem examination on ail the carcases. 
A careful autojisy on one of the carcase.s, 
however, revealed the following features: 

The rumen contained a few adult and 
some immature forirrs of Ootylophoron 
ootylophorum and a very few specimens of 
Fisclioederius elongatus. irhe abomasuni 
was badly congested. It was noteworthy 
that no forms of the large .stomach worm 
Baemonchus conlortus waxo encountered. 
The pyloric end of the aliomasiini (Plato III, 
fig. 1) was inllamed, oe(lematt)Us and had 
a number of peiichae. A casuaJ examina- 
tiojo, reyi^aled .several immature amphis-^ 
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PLATE II 


Fig. 1. Section of liver of tlie pup stowing 
necrosis and fatty degeneration. Hae- 
matoxylin and cosin stain. ( X 1000 approx.) 


Fig. 2. Section of liver of an infected guinea- 
pig stowing a very teavy infection. 
Note ttat the Leptospime are arranged 
at tte periptery of tte tver cells. 
Levaditi’s stain, (x 1000 approx.) 





PLATE 


2. Section of clnodeuuni shuw 
dinal section of iinniatiire 
under the subnnicosa 
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tomes sticking out of the inflamed mucosa. 
The points of attachment of the worms 
were marked by petichae and ])reaks in the 
mucosa. The duodenal mucosa was in- 
flamed, thickened and oedematous. The 
surface was studded with small immature 
parasites, of a size varying from that of a 
mustard seed to that of a small melon 
seed. Acute catarrhal enteritis was 
present. This was most prominent in the 
first foot of the duodenum beyond which 
the lesions became gradually less intense. 
The walls of the larg(‘ intestines showed 
very few calcifled nodules, but in their 
lumen a small number of Oesophagosto- 
miim Golmnbianum was found. The few 
strongyle ova detected in the faeces were 
probably of this spocies of worm. No 
fiiik(>s were mot with in the gall-bladder 
or bile ducts, although the liver showed 
■ fatty changes. 

As regards the other organs, iiothing 
beyond a pallidity, probably caused by the 
loss of blood, could be detected. 

^ Histopathology 

A sectional study of the duodenum 
(Plate III, fig. 2) I’eveaied an acute catarr- 
hal enteritis, with a cellular infiltration. A 
longitudinal section of the immature worm 
(Plate III, fig. 2) was seen in the submuc- 
ous area and its well-dev-eloped acetabulum 
/ ' ■ enclosing a piece of the mucous tissue 
indicated considerable irritation caused by 
these immature worms. 

Obsekvatiohs 

The mature worms obtained from the 
“-I’umen were examined and mostly found to 
be GotylopJioron cotylophonim and a very 
few Fischoederious elongatus. No other 
helminths were met with in the rumen. 
The immature worms from the duodenum 
also appeared to be GotylopJioron cotylo- 
•^■phonim, though it is obviously dangerous 
to attempt an identification of any worm, 
particularly of amphistomes, at the im- 
mature stage. These immature worms 
were at different stages of develop- 
ment. Some had developed the intes- 
tinal caeca, while in others were seen 
only the sexual primordia. In a few 


otiiers, the genitalia could be distinctly 
traced, though they had not begun function- 
ing. The mature worms in the rumen had 
ova in their uteri and probabl\' a few ova 
found ill the faeces were from these 
worms. That the caii:?e of the enteritis 
and death was due to these immature 
forms of GotylopJioron cotylophorum is 
quite apparent. 

The pond or tank around which the 
gxiats grazed was examined to ascertain 
its raoliuscan fauna and larval trematodes. 
The molluscs met ^^nt]x^YeYe Indoplanorbis 
exustus, Lininca leuteola and Vivipara 
bengalensis, of which only the Indoplanor- 
hi':! exustus was found to discharge, 
cereariae which resembled Gercariae in- 
dicae XXVI (Sewell, 1922), wiiile the other 
two molluscs were free from any infesta- 
tion. It is possible tJiat these cercariae 
may be the larval forms of the amphis- 
tonies in question. The actual percentage 
of infection with the cercariae could not be 
determined, as the molluscs were already 
dying off owing to the scarcity of water in 
the tank on account of the hot weather. 
Further investigations oii the determina- 
tion of the <fercarial fauna of this area 
will be undertaken at a more propitious 
season. 

Disoussiox 

There appears to exist considerable 
confusion with regard to the identity of 
the adult amphistome of Gercariae indicae^ 
XXVI (Sewell, 1922). Eao and Ayyar [1932] 
evolved the adults ' of these cercariae by 
feeding experiments and expressed the 
opinion that the adults obtained w’ere 
ParampJiistomum cervi. These authors 
had obtained only immature forms and 
based their diagnosis on these. The cerca- 
riae of ParampJiistomum cervi, according 
to Bennett [1936], are lacking in the evagi- 
nations from the excretory canals, which 
formed a prominent feature in Gercariae 
indicae XXVI. Hence, it is doubtful if the 
adults obtained are not of GotylopJioron 
species. 

Bennett [1936] has described the 
. cercariae of GotylopJioron cotylopJiormn 
in the life history studies on that trematode 
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and concluded fcliat Cercariae inclicm 
XXyi (Sewell, 1922) is not tln^ larval form. 
His description of the exoretoiy system of 
tlie cercariae wliicl] ho has luuiid for tlie 
adult parasite agrees with that in Gercariae 
indir.ae XXVI. The differences noticed 
by him do not seem to justify his claim 
that it is different. I am of opinion that 
Bennett [1936] was actually dealing with 
Cercariae indicae XXVI (Sewell, 1922). * 

Srivastava [1938] in the life history 
studies of Cotylophoron cotylophonm lm^ 
mentioned the larval form of this parasite 
to be very similar to Cercariae indicae 
XXIX, though not identical with it. It has 
already been established by Bao and Ayyar 
[1932] and Vaidyaiiathaii [1911] that the 
adults of these cercariae arc Fischoederiiis 
elongakis belonging to a different genus 
altogether. Further, Cercariae indicae 
XXIX has been so far recorded only from 
Limnaea leuleola and not from Indopla- 
nor bis exustus, 

Pande [1935] records an acute amphis- 
tomiasis of cattle in x\ssam caused by 
immature forms of ParampJiistomum cervi. 
During a personal discussion with him, he 
expressed the opinion that the immature 
forms are probably of Cotylophoron 
species and that he was not coiiviueed that 
they were of Paramphistoniim cervi 

Le Roux [1930] has dealt with two 
severe outbreaks of ami)histomiasis due to 
Cotylophoron ootylo phnrum in sheep and 
goats. 

Chatter jee [193J] in his preliminary 
observations on the life history studies 
with Cercariae indicae XXVI recorded that 
the young form.s developed in his experi- 
mental goats by feeding wdtli the above 
cercariae were of Paranipkistomum cervi; 
however, in a later communication, the 
same author [1938] changed his opinion 
and pointed out that the cercariae in 
question -was the larval form of Cotylo- 
phoron cotylopkorum. 

Thus there are more eases of amphis- 
tomiasis caused by immature forms of 
Cotylophoron sjjecies on record than by 
Paramphistomwn cervi or any other 


ampystoma. There also ;ippears to be m* 
concensus of opinion n'garding tlu^ adult of 
Cercariae indlaae XXVl. 1922). 

In the presoili insta.nc.i^ the mortality 
among the gtaats has biam jtrt'snmed to 
have been caused by immatnre forms of 
Gotylophoron colylopJionnn,, the only 

adults seen in the rumou were of that 
variety and tlie number of Fisehnederius 
elongakts oirnmnioved (about six) was 
negligible. In the coiir*e of the routine 
post-mortem examination of ruminants, 
the writer has found adults of Cntyloplio- 
mi species more r.re(pientl\' than Parani- 
phistomum species. .IT<mee, IIk' writer is ^ . 
inclined to think Unit the inc.ithmce of the 
species Co at any rale in south 
India may he much mo?*e than that of 
Paramphislonintn, though fnrilier statis- 
tical evidence of tliis is ntu’essary. It is 
hoped Unit such evideue<' will become 
available shortly. 

SiTMMAKV 

All outbreak of amphistomivaaiB among ^ 
goats has been described from Madras and 
the cause has been provisionaily determin- 
ed to be the immature form- of Cotylo- 
phoron cotylopho nim. 
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The imporiaucc of vitamin A as an 
essentia] ingredient of human diet cannot 
be over-emphasized. A regular supply of it 
to the system is indispensable for the 
proper development and functioning of the 
body and as a preventive measure against 
susceptibility to disease. A number of 
workers have made quantitative studies on 
the daily requirements of Vitamin A (or 
its precursor carotene) for various types 
of animals, for keeping them in good 
health. Thus, Ward, Bechdel and Guer- 
rant [1938] found that 12-18 microgrammes 
of carotene are required per lb. of body 
weight per day for ^growing dairy calves 
to prevent A avitaminosis. Converse and 
Meigs [1938] have deduced the carotene 
requirements of cows for normal reproduc- 
tion and calving to be 80-100 mg. daily 
during the last months of gestation; the 
amount below 60 mg. cow per day 
resulting in a considerable proportion of 
still-born calves. Kuhlman and Gallup 
[1941] working with laetating cows of 
Jersey breed arrived at the conclusion that 
40-45 microgrammes of carotene per ih. of 
body weight (or 40-45 mg. for a 1,000 Ih. 
animal) is about the minimum daily re- 
quirement for normal lactation. With 
amounts lower than 40 microgrammes, the 
lactation was likely to be impaired; the 
calves horn were weak and the cows 
developed abnormal conditions. Similarly, 
it has been, ascertained that about 4 mg. 
is tlic minimum daily dose for man. 

The most important source of siipxhy 
of vitamin A for cattle is green roughage. 
Seshaii and Sen [1942] liave determined 
the earotcme content of a large number 
of green roughMges ordinarily fed in this 
country, and the amount of fodder neces- 


sary to meet the vitamin requirements of 
main types of animals can easily be calcu- 
lated. The problem of feeding cows, 
however, is somewhat different. As a 
milch animal, the cow requires vitamin A 
not only for her own system but also for 
secretion in milk which forms one of the 
important sources of vitamin A for the 
consumer. Studies on the relationship 
between the carotene content of the feed 
and that in the milk have been carried out 
by many workers. Moore [1932] has 
shown tliat in the cow carotene of the feed 
undergoes conversion to vitamin A and is 
secreted in the milk partly as carotene as 
such and partly as vitamin A. Kennedy 
and Butcher [1922] demonstrated as early 
as 1922, that the vitamiii~A value of milk 
is influenced by the vitamin-xV value of the 
feed. 

Kraus [1931], Watson [1932] and 
others have shown that pasture grass is 
rich in vitamin-A factor and produces a 
milk of high. vitamin-A activity. Recently 
a more quantitative study has beem made 
of thivS problem. Hogdson and co-workers 
[1938] have found that the average 
percentage of the carotene ingested which 
W'as secreted as carotene in the butter fat 
was 0-71 for cows receiving hay, 0-22 for 
cows receiving hay and silage, and 0-12 for 
cows receiving silage only. Similarly, 
Bartlett and co-workers [1938] and Scshan 
and Sen [1942] arrive at the same con- 
clusion, viz. increased intake of carotene is 
followed by the in-'U-oased carotene and 
vitamin-A potency ui‘ milk. 

The studies of ll^uiry, Housten and 
Kon [1940] on the vitamin content of the 
first mihr or colostrum have, brought out 
its amazing richness in vitamin A and 
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carotene. The}' fouiid colostrum to be 35 
times richer in \'itamin A and 65 times 
richer in carotene than the later milk. 
From this it appeared worthwhile to study 
the vitamin content of milk at different 
periods or stages during one complete 
lactation in the Saiiiwal breed of 

COWvS. 

,Ex3?eeimeftal 

Five Sahiwal cows weighing about 800 
lb. each, in their fourth lactation, were 
employed for this purpose. This experi- 
ment was started about two months after 
they had calved and so colosturm could 
not be included in this study. Duiung the 
early part of the experiment, i.e. April and 
May 1942, these cows were on green 
berseem, and then from June to November 
when the experiment ended with the end 
of the lactation, they were on green maize, 
and these fodders were fed ad Ubiiuin, in 
addition to a quantity of the concentrate 
mixture of bran and cotton seed. A com- 
posite sample of morning and evening milk 
was taken daily for fat determination and 
the weekly estimation of vitamins. 

The estimation of carotene and vitamin 
A in milk was carried out according to the 
method of Willstaedt and With [1938] in 
which 100 c.o. of well-shaken milk is mixed 
with one tenth of its volume of 60 per cent 
KOH solution. The flask is filled witli 
nitrogen, stoppered, and vigorously shaken, 
and kept aside for 48 hours with occasional 
shaking. After this cold saponification, 
20 c.c. of alcohol is added, and the whole 
extracted with peroxide-free ethyl ether, 
extract washed with water, dried over 
anhydrous sodium sulphate, and the ether 
evaporated in an atmosphere of nitrogen. 
The residue is taken up in chloroform for 
vitamin A or in petroleum ether for 
carotene, and the colour compared in 
Lovibond Tintometer for bliio and yellow 
values. 

The data obtained are given in Table I. 
The first two columns show intake of green 
fodder (average of the previous seven 
days) and carotene contained in it. Columns 


3,4 and 5 give the total output of butter ifi 
grammes, carotene and vitamin A in milli- 
grammes respectively, for each of the five 
cows. Now, turning to the column for 
green fodder intake by each of the cows 
we find that, as these were allowed as 
much as they would eat, they consumed 
between 60 and 100 lb. of berseem daily 
(upto 23-5-44), and later on when maize 
was the only green roughage, the average 
daily consumption varied considerably 
witli each cow going up to a maximum of 
1101b. 

The amount of carotene intak(' during 
the berseem period varied naturally with 
the amount of feed ingested and wuus ].)et- 
woen 1520 mg. and 4950 mg. ptu: day. 
During the latter ])eriod (raaizt' period) 
the intake decreas(Hl cousiderahly due 
to th(5 fact that maize is not so rich, in 
carotene as berseetn, although tlie consump- 
tion of the former was more or less tlie 
same. 

The output of carotene in milk was 
about 2 to 4 mg. daily, and this remained 
J'airly constant for a considerable time 
practically throughout the period of lact- 
ation except in cows No. 4 and 5 where it 
fell to a figure round about 1 mg. during 
tlie latter part of the lactation. 

The output of vitainin A, cah’ailated 
from the blue units into milligrams accor- 
ding to the formula given by Bartlett ancT 
co-workers [1938] has shown a great con- 
stancy, although there was a considerable 
fall in the daily milk yield, thus indicating 
increase in vitamin A towards the end of 
the jactation. 

The vitamin secreted in milk forms a 
very small percentage of that ingested 
even in the case of cows wliioh are provided 
with enough of green roughages. This 
shows that, whereas feeds which are defici- 
ent in carotene will force the cow to 
deplete its reserves of vitamin A and 
ultimately lead to poorer milk, it is not 
possible to enricli it beyond a certain limit 
by feeding carotene-rich feeds. It is inter- 
esting to observe that each of the cows has 
yielded during the entire lactation about as 
much vitamin A as is equivalent to its one 


Table I 

The intake of green fodder and carotene and output of carotene and vitamin A in huUer 
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day*siiitakh‘ of caroteiK.i. li'inilk were to be 
regarded as the o:),ily source of vitamiii A 
for mail, then, in order to ensure the 
vitamm in an optnuinn quantity of about 
4 mg. one will havo^ to conhurac daily as 
much as 300 to 400 gm. o!' butter. G-reeii 
leafy vegetaliles are a very rich source of 
vitamin A, and it is possible to have 
carotene separated in the laboratory from 
other plant sources like pasture grass and 
mixed with butter in such a quantity that 
say an ounce of it contains the daily close. 
The economic and technical aspects of this 
problem and the extent of doterioration 
with time of such vitaminized butter or 
ghee require investigation and some work 
is already under way in this direction in 
these laboratories. 


Table If gives tin* ainouni af vitamin A 
in Moore’s Blue nnit.- jier grain of fat for 
each of the live cows, ft will b(^ observed 
that this has bi'on mure or con d, aril 

over a considerabh^ poriixi, and it is to- 
wards the very end of the ladaiiou i, hail he 
value lias gone to a considerably liigli figure, 
showing the inereasisl ricliiiess of milk to- 
wards the end of lactation. The carotene 
content has not shown a similar increase 
(per gram of fat) towards tln^ end of lact- 
ation. A r<Terenc(‘ to Tal)ii‘ II will siiow 
that only in cows Nos. 2 and 3 is tiiere any 
definite indication of an incroaso. Tlie 
butter prepared in bulk from the milk 
of cows Nos. 4 and o apjieared ('viei liy visual 
observation to be very niucli lighter in 
colour than the other samples. 


Tabue II 

Vitamm A in hkie units and carotene in microeframmes per pram of fat 



Oow No. 1 

Cow No. 2 

Cow No. 3 

Cow No. 4 

Oow No. 5 

Date 

Vit. A 

Carotene 

Vit. A 

Carotene 

Vit. A 

Carotene 

Vit. A 

Carotene 

V,it,. A 

Carotene 


la 

ill 

ill 

ill 

ill 

in 

in 

ill 

in 



B, P. 

mg. 

B. TJ. 

mg. 

B, U. 

»ig. 

B. IT. 

mg. 

B. 'U. 

mg. 

204-^ 

25 ■ 

4-T3 

29 

4*01 

37 

6-90 

33 

6*67 



30442 

25 

4-11 

25 

4*49 

27 

4-99 

28 

,447 

26 

3*87 

9.542 

27 

4-03 

25 

.3- 69 

23 

4-60 

23 ■ 

4*90 

23 

4*25 

14-542 

2.5 

5*27 

23 

5-54 

24 

7-62 

. 22 

5*09 

19 

5*20 

23*5 43 

29 

5-26 

29 

.5-54 

.33 

0*80 

29 

3*2l.'l 

36 

6*10 

29-643 

28 

403 

33 

5-78 

26 

5-10 

23 

3-99 

9.9. 

4*20 

6-0-42 

24' 

3-59 

24 

4-50 

20 

4-91 

16 

;3-78 

15 

.3*99 

13-6-43 

2.5 ■ 

4-02 

3(1 

4-00 

28 

.5*90 

26 

•4*17 

■ 26 

4‘38 

20-6-42 

■26', 

3-54 

20 

4.82 

30 

5*62 

32 

2*17 

29 

6 00 

39-643 

28 

0 15 

28 

7*01 

29 

5‘2t 


2-17 

. .28 

.5*10 

4-7-42 

,2.5 

3-89 

25 

9*76 

22 

3*71 

' 2.5 

2-11 

30 

6*00 

11-7-42 

, 24 „ 

■4*82 

37 

0-12 

25 . 

4*49 

19 

1*66 

20 

. 5.79 

lS-7-42 

. .:23 

.3*29 

iio 

5‘23 

27 

3-90 

30 

2-06 

26 

4*29 

27-7-42 

■ 29 

4-91 

33 

4-78 

28 

5 00 

23 

2*72 

15 

4-47 

1-8-42 

,23 

2-92 

33 


3.5 

4-02 

28 

1-90 


3-26 

8-842 

27 

4-OS 

29’ 

5' 96 

2 f 

4-13 

81 

1-35 

20 

4*73 

15-8-42 

, 29 , 

5-00 

29 

7-14 

28 

S-63 

3S 



3.99 

22-8-42 

28 

5-00 

27 

7>21 

30 

5 49 

27 

, '' 2*10 

22 


30-842 

35 

5-29 ' 

' 27. : 

8-lS 

29 

6-10 

30 

2*26 

22 

5*11, 

7-942 

af) 

2-44 ■ 

.30 

5-78 

30 

345 

36 

2*50 

28 

4.-03 

14-9-42 

25 

3*38 

31 

5-04 

25 

2-73 

36 


29 

3-51 

22-9A2 

34 

4-09 

37 

0*35 

27 , 

3‘.57 

31 

2*27 

24 

1,92 

28-9-42 

31 

5-97 

41 

6*10 

29 1 

4*16 

29 

2*.57 

28 

2*90 

3-10-42 

29 

5’5u 

33 

6-44 

31 

6*54 

36 

2*77 

32 

2*79 

13-10-42 

29 

6-32 

34 

0-87 

27 

. 4-92 1 

30 

2*60 ! 

25- 

2*39 

19.10-43 

,24.: 

4'41 

35 

6-80 

32 

5*09 ! 

31 

2*49 ' 

31 1 

2*65 

2-11-42 

32 

4’82 

36 

6*48 

38 

5-96 

44 

3-34 

! 38 


7-1142 

31 

4.29 

30 

7-13 

43 

.5*11 

48 

3-55 

41 

3-25 

14-11-42 

31 

4*.37 

4U 

9*S0^ 

31 

9*82 

37 


36 

3*56 

21-11-42 

40 

7-56 

42 

8-18 

36 

7*42 

59 

2-04 

42 


28 11 42 

56 

019 

57 

8-78 ! 

1 , 65 

7*60 

70 

1 3*68 
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The amoiint^^ of vitamin A in BJue units increased salt content. A glance a 
pei’ 100 c.c. of milk are shown in Table the carotene ligiires shows that i 
III, The coiicentriitioii of vitamin A has cows Nos. 1-3, the figures _ have goii 

been fairly constant throughout the major up towards the end, but in cows 4-i 

part of the lactation, but towards the end there is no such tendeiicy. This show 
there is a sharp rise in the blue values, the iiidividual variability of tlie ^ 

Tins is the period when milk deve- a converter of feed carotene to buttf 

loyjs abnormalities in composition, like carotene. 

Table III 

Vitamin A {in Moores blue units and carotene in ynlcrogramSyl ) per lOO c.c, oj )nilk 


Carotene 


arotene 


Oai'otene Vit. A Carotene 


20-4-42 

30-4-42 

9-5-42 


14 5-42 
23-5-42 
29-5-42 


6 - 6-42 

13 - 6-42 

20-642 


29 - 6.42 

4 - 7-42 

11-742 


18-7-42 

27-7-42 

1-8-42 


S-8-42 

15-8-42 

22-8-42 


10-842 

7-9-42 

14-9-42 


22-9-42 

28-9-42 

3-10-42 


13-10-42 
19 10-42 
25-10-42 


2-1142 

7-1142 

14-11-42 


21-11-42 

2S-n-42 
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Summary 

(1) A study of the vitamin A and caro- 
tene content of milk from five Saliiwal cows 
was made throughout tlioir lactation. 

(2) The cows were on liberal green 
ration getting up to 4,000 mg. of carotene; 
but the daily output of vitamin A and 


carotene in milk was about 4-5 mg. only. 

(3) Towards the end of the lactation 
there was a rise, in the ^vitamin A and 
carotene content of the milk, although the 
total output, due to fall in the milk yield, 
was not much affected. 
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RECTAL TEMPERAIURES OF CERTAIN ANIMALS AT REST 
By P.O. Minett and S. Sen, Imperial Veterinary Research Institute, Mukteswar 

(Received for publication on 17 October 1944) 

(With four text-figures) 


In view of the variable and frequently 
high air temperatures in India and the 
effect of air temperature on body temper- 
ature of resting animals, it is important to 
have as precise knowledge as possible on the 
normal body temperature under different 
conditions. This is particularly so with 
relatively homothermous animals, i.e. 
ones whose heat regulation is less perfect 
than in man. 

Literature 

The normal range of rectal temperature 
for various domesticated animals in health 
in temperate countries has been laid down 
by numerou.s observers. For animals in 
hotter countries there must be fewer 
records. To obtain an accurate idea of an 
animaFs temperature important points are 
that the thermometer must be properly 
used and the observations repeated 
throughout the 24 hours. Lazarus-Barlow 
[1928] has shown with rabbits how incor- 
rect an impression may be formed of the 


normal swing of the body temj^erature, 
unless observations are made at intervals 
as short as, say four hours. Varrier- 
Jones and Sims Woodhead [1915] devised 
a special apparatus by which the rectal 
temperatures of cattle could bo recorded * * 

meclianically and in a qimsi-continuous 
maimer. In this way they were able to 
show well-marked variations during the 
24 hours. During most of tlie day the 
temperature lies between 101 and 102 °F. 

It is always highest during tlie day when 
the animal is .standing or moving about or 
ha.s Just been fed, and falls slowly 
(hiring the night to la'ach its minimum 
[100.7°F.] about 3-5 a.m. Milking almost 
always caused a slight risi^ The highest ^ 
points were at 8-9 a.m. and 4-6 p. m., the 
diurnal range being about 1.2''F. Woold- 
ridge [1905] had likewise found that for 
cattle in Ireland the averagii morning and 
evening temperatures are 101.5 and ^02'■T^^ 
Hobday [1896] gives ligures of 101.3 and 
101,8°F. for cattle in England. 


With animals in hot countries the mat- 
ter is somewhat different. As pointed out 
by Hornby [1942], the expression ‘normal 
temperature’, as applied to animals under 
such conditions, has only a provisional 
meaning. Eegaii and Freeborn [1936] 
found that high-producing Jersey cows 
kept at air temperature of 85°F. or over 
for more than 24 hours were unable to 
control their body temperatures. Began 
and Bichard son [1938] found that ^ the 
rectal temperatures of cattle remained 
constant at 101-101.3°F. when the air tem- 
perature was between 40 and 70'^F., above 
that it began to increase and at 100°F. the 
rectal temperature was 105*1°F. Although 
cattle native to hot countries are niore 
tolerant of high air temperatures, princi- 
ples similar to those just_ enunciated hold 
good. Their normal resting temperatures 
do not however differ from cattle of cooler 
countries. For instance, Maiiresa and 
Gomez [1937] for cattle of the Nellore 
breed in the PhiliiDpines give a mean daily 
. value of 38, 66°C. (101.59° F.), the diurnal 
'and nocturnal values being 38.7° C. 
(101.66°F.) and38.56°C {101.4°F.). These 
figures were based on four-hourly readings 
taken over seven days in April. _ The 
values were lowest at 6 a.m. and highest 
at 6 p.m., while the diurnal values Avore 
said to be significantly higher than the 
nocturnal (number of observations _ not 
stated). They too note a high and signi- 
ficant correlation at the same hours of the 
day between l^ody temperature and air 
temperature. In a later paper by Manresa 
and Falcon [1939] for six mature Nellore 
cattle higher values are given, viz. average 
39.01°C. (102.2°F.) during the hotter part 
of the year, March to July (average air 
temperature 28.22° 0. or 82.8°F.) and 
average 38.82° G. (101.88°F.) during the 
cooler months— xiugust to February 
(average air temperature 26.87°0. or 
80.37°F.). 

As for buffaloes, there is the same 
correlation with air temperature. Mac- 
Gregor [1941] says the normal tempera- 
ture may be put at 98.8°F. but that on hot 
days it may reach 104°F. ^or sheep, 


Ritzman and Benedict [1931] giA^e rectal 
temperatures of some 50 animals at diffe- 
rent times. The ranges found Avere : 

for light-woolled yearling:; 39'2-40*40°C. 
(102-56-104.72°F.) ’ 

for light-woolled adults 38*8-39-7®C. 

( 101-84- 103.46°F.) 

for heavy-Avoolled adults 38-9-39*7°0. 
(102-103‘46°F.) 

They state that sheep are not sensitive 
to environmental temperatures, presuma- 
bly OAving to protection from the fleece. 
Probably, hoAAxwer, they were not referring 
to higher air temperatures. For goats in 
India (Lahore), Sadiq [1943] has recently 
given some figures. The average morning 
temperature for 366 goats Avas 100.7°F., 
70 per cent of the observations falling 
betAveen 100 and 102°F., the average even- 
ing temperature of 230 goats aa^es 102.2“F., 
75 per cent of the obseiwations being in 
the range 101-103°F. Air temperature has 
a marked effect, the curves for body tem- 
perature and mean monthly air tempera- 
tures roughly coinciding. 

For poultry, Fronda [1925], using 
White Leghorn fowls kept in air at 60-80°F., 
noted a sharp fall of body temperature 
between 6 and 8 p.m. to the lowest point 
from 10 p.m. to midnight. The tempera- 
ture then rose and attained its highest 
level from 8 a.m. to 6 p.m. Examples are : 
6 p.m. 107.28°F., 10 p.m. 105.75°F., 8 a.m- 
107.4°F. The mean 6 a. m. to 6. p.m. level 
was from 106.8.J to 107.36°F. The varia- 
tion in level is attributed to feeding activi- 
ties in the morning and afternoon and the 
liabit of roosting at about 6 p.m. Air 
temperatures Avere not considered to 
affect the level, but no observations were 
made at temperatures above 80°F. Hey- 
Avang [1938] has also dealt Avith the relation- 
ship between air temperature and body 
temperature in hens. ^ In the case of White 
Leghorn hens kept in cages and at air 
temperature Avhich varied from an average 
of 54° to 99° F. at different observations 
the mean morning body temperatures 
(8-10 a.m.) fell from 106.3 to 105.6°F., 
ill passing from loAver to higher air tem- 
perature, while the mean afternoon tempej:- 
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atiires (3“5 p.ni.) increaf^od from 100.4 to 
108.6'^F., so that tlio difforcMioo bed, ween th(i 
a.m. and p.ni. avera.Kes at Iho hi^’hest air 
temperature was aw mueh as 3.0’ F. From 
two-honrly body iemperaUire reeordings, 
taken over pcu’iods when liie average room 
temperatiiia^ ranged from about 57 to 
Tb'-'F., it was shown thatbod.v temperatures 
were highest at 4 a.m, and lowest at jnid- 
night (cf. Fronda above), the diffcrep.ee 
being about 1-5®F. The general finding 
therefore was that body temperatures 
increased and decreased in nearly direct 
relation to ilio air temperature. The 
greatest cliange in hod>' temperature occur- 
red between 6 and 8 p.m., with a decrease 
of ahout 0'8"F. 

Experiment aIj conditions 

The experiments were made on male 
buffaloes, cows of thoHariana breed, sheep, 
goats and fovds at Izatnagar and on Kmn- 
auni hill-bulls and sheep at Mukteswar. 
The animals selected appeared to he in 
reasonably good healtl,p but a Few trouliles 
developed during the experiments. They 
were housed in sheds sheltered by trees 
and were not crowded. In winter some 
straw bedding was provided. They were 
watered and fed at times tliat would not 
interfere with the observations. The 
cattle were given an adequate ration; cows 
received a concentrated mixture usually 
containing ground-imt cake, rape-cake, 
wheat bran, giTim Imsk, wdth mineral 
supplement, wliile llie roughage consisted 
of liay or hhiisa, fre.sh green fodder or 
silage according to the season. Buffaloes 
got gram or cowpeas and maize or joivar 
with the concentrates. Hill-bulls got a 
ration similar to the cows, wliile the sheep 
and goats also got a siiitabh' concentrate 
and roughage ration. 

With the cattle and hnffaloe.s live series 
of observations la.sting 10, 10, 13, 12 and 
10 days were made in April, June, July, 
August and December 1041, the tempera- 
tures being recorded at 7 and 10 a.m., 1, 4, (7 
and 10 p.m. and occasioiially at 1 and 4 a.m. 
In April, July and December in case 
of buffaloes supplementary figures for 


7 a.m. and 4 p.m. were taken from an- 
other experiment. With slieep and goats 
at Izatiiagar there wei’(> two series each 
of liv'-e days in F<d»ruary and June 1943, 
and with fowls, two stiries eaeli of three 
days in February and (eml) May 1943. 
At Mukteswar hourly bnnperature obser- 
vations extending over 24 hours were 
made on hill-bulls and slieep diunng July 
1942. ^ Dry -bulb temperatures were recor- 
ded with a hygrometer suspended at the 
centre of the shed or room at about eight 
feet from, the ground. 

The following details are necessary. 

Buffaloes, Five male Indian river 
buffaloes of ‘country’ breed, 6-8 years old, 
and weighing 950 to 1,100 lb. were used*. 
They were housed inn, chnpper open at 
the .sides. They were watered daily at 
7-30 a.m. and 3 p.m. and fed at .10-30 a.m. 
and 4-30 p.m. W light exercise was given 
at 7-30 a.m. Two of them suffered from 
slight diarrhoea for a few days during the 
first experiment (April) and one of them 
had to be replaced before tln^ next experi- , 
ments. 

Cows, Five in number, ages in years: 
3, 4, .10, 11 and 14, body weights 870-1,100 
lb. Two of them calved in February 1941 
and were in milk during the first three 
experiments; before the fifth experiment 
(December) one of them went dry and 
two others had calved in September and 
October. They were tied in a shed, which 
was ciosod on three sides, except from 7 
to 10 a.m. when they were tied in the 
open. The only exercise was a short walk 
after 10 a.m. Watering was at 7-30 a.m. 
and 3 p.m. ; feeding at 5 a.m. and 3. p.m. 
at which times they were milked. The 
air temperature in the shtul was about the 
same as that in tlie buffalo-shed. All five 
remained in normal health, except that 
the youngesl; had a slightly raised temper- 
ature for ll days duringtiie second experi- 
ment. Tiie third and fourth (ixperiments 
( Juh^ August) coincided with the monsoon 
and rain totalling 11-07 inches fell on nine 
of the 2.1 days in these exx)erimGn.ts. The 
temperature of the rain water was 75-78 ’F. 
During the fifth expermient the other. 
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cows of the milking herd were also 
honsed in the slied from 2 p.m. to 7-30 
a.m. 

Sheep {at Izatnagar). Ten male sheep 
of ‘eoimtry’ breed w^ere used, all 1-li 
years old. At the first experiment their 
body weights were 36-44 lb. and at the 
second 44-60 lb. They were tied about 2 
feet apart in a shed open on the east side. 
They had not been recently shorn. 

Goats. Ten were used in each series 
of experiments; before the second experi- 
ment (June) there were three replace- 
ments^ Pour were males and nine were 
females, and all but one were 1| years old, 
one being four years old. At the first 
experiment their weights were 26-40 lb. 
and at the second 30-52 lb. They were 
housed with the sheep, and as with sheep 
water was offered after every tempera- 
ture-recording. 

Fowls. Nine cocks, 1 year old and about 
5 lb. in weight, were used, mostly White 
heghoxii-desi cross. They were kept in 
separate cages in a large laboratory^ the 
doors and windows of which were kept open 
from 10 a.m. to 4 p.m. during the May 
experiment. Pood and water were always 
available in the cage. 

Sheep {at Muhteswar). Nine sheep, 
1-1| years of age, were selected as being 
in reasonable health, though three of them 
had ^snuffles’. They had been shorn eleven 
days before the experiment. They were 
kept untethered in a shed, the air temper- 
ature of which was maintained at 69- 
74'’P. 

Eilhhulls. Ten were used and they 
were housed in the shed which had been 
used for the sheep. The air temperature 
was maintained at 70-75°P. They were 
watered three hours before the experiment 
was started and immediately afterwards. 
Hay was fed at 6 a.m. 

Pbemmixaey expeeimbnts 
The personal factor in temperature-taking 

This is a matter, the importance of 
which cannot be too often stressed, especia- 
lly since the work is frequently placed in the 
hands of uninstructed subordinates. The 
technique of individuals varies, both in 


m 

respect of the time the thermometer is 
allowed to remain in the rectum and the 
depth to which it is inserted. In order to 
check up these points some experiments 
were arranged. In one of these, six obser- 
vers, all professionally qualified, were 
engaged to take the temperatures of five 
cows and five buffaloes, one observer (P.C. 
M.) acting as control. None of the others was 
informed of the object of the experiment, but 
an instruction was given that the thermo- 
meter was to remain in the rectum for 
exactly one minute from the time it was 
considered to be in position. The obser- 
vers passed from one animal to another 
as quickly and as quietly as possible and no 
observer was aware of the readings of the 
others. Ail the thermometers were checked 
before use in water at 97°, 10i°and 104°P. and 
showed differences of not more than 0'2®P. 
and usually not more than 0T°P. 

With the cows, the differences between 
the highest and lowest readings were : 1*3, 
0*9, 0*2, 1.6, and 0‘5°P. (mean 0*9°F.) and 
with the buffaloes 2*0, 1*2, 0*9, IT and 
1*4°P. (mean 1*3°P.). The differences bet- 
ween the highest and next lowest readings 
were 0*8, 0*7,0*l,0-9, 0*3»P. (mean 0.56^ P.) 
with cows and 1*4, 0*8, 0*5, 0*7, 0*8°P. (mean 
0*84° P.) with buffaloes. (One observer 
gave almost consistently the lowest read- 
ings, obviously because he had not inser- 
ted the thermometer to its full depth. 

The next experiment was designed to 
show the effect of inserting the thermome- 
ter to different depths. Ten cows were 
used and most of the work was done by 
one observer. Differences from the true 
temperature (i.e. when thermometer was 
fully inserted) were 

1. when little more than the bulb was 
inserted, range 0*3 to l-5°P.(mean 0*6P.), 

2, when the bulb was inserted an extra 
cm. — range 0*1 to 0’6°P. (mean 0-3°P). 

These facts, which merely confirm some 
observations made long ago by Hobday 
[1896], require no comnieni. Incidentally, 
when the air temperature is higher than 
the rectal temperature, the bulb of the 
thermometer should be covered with damp 
cotton-wool the moment the ins tr ament 
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Tablb, I - . 

Body temperatures {^F) of buffalo es^ oows^ sheep^ goats and fowls 


Hour 

Moan 

Min. 

Max. 

A.T. 

Obs. 

Mean 

Min. 

Max. 

A.T. 

Oba. 





Buffaloes 







April 






June 



T a- M:. :• 

m-n 

98-0 

101-3 


70 

100-25 

99-0 

102-0 

81-87 

50 

lo , » 

. . 100-18 

98-0 

103-2 


50 

100-.35 

98-0 

101-9 

87-97 

50 

vl P. ,M. 

. . 100-84 

98-8 

102-7 


50 

100-63 

99-0 

102-0 

90-104 

50 

4 „ 

. . 101-50 

100-0 

104-0 


62* 

101-32 

99-0 

103-2 

94-108 

49* 

7 „ 

. . 101-79 

99-0 

103-4 


43* 

102-02 

100-2 

103-2 

86-102 

49* 

10 „ 

, . 101-22 

98-2 

103-6 

o 

IZi 

48* 

101-19 

98-7 

102-8 

81-95 

49* 

1 k, M. 

. . 100-95 

99-4 

102-0 


20 

101-35 

99-8 

102-4 

85-93 

19* 

4 

.. 100.65 

99-2 

101-6 


20 

101-20 

99-6 

102-6 

82-88 

19* 




July 





August 



7 A. M. 

. . 100-15 

98-0 

102-4 

80-86 

105 

100-12 

98-4 

101-8 

77-85 

60 

10 „ 

100-25 

99-0 

102-6 

84-98 

65 

100-37 

98-2 

101-6 

78-93 

60 

1 P. M. 

. . 100-93 

98-6 

102-8 

89-104 

65 

100-78 

99-2 

102-0 

80-102 

60 

i » 

. . lOl-Sl. 

98-4 

103-0 

82-106 

105 

101-02 

99-6 

102-6 

80-102 

60 


. . 101-32 

99-4 

103-4 

85-101 

65 

100-69 

994 

102-5 

80-92 

00 

10 „ 

.. 101-31 

99-6 

103-5 

81-94 

65 

100-75 

99-4 

102-0 

7949 

60 

1 A. M. 

. . 101-92 

101-0 

103-2 

82-88 

20 

100-82 

99-6 

101*8 

76-84 

■ 20 

4 „ 

. . 101-42 

100-0 

102-8 

80-83 

20 

100-43 

99-4 

101-4 

73-77 

SO 









Cotas 





December 





April 



7 A. M. 

98-63 

96-0 

101-0 

49-60-6 

85 

100-97 

99-4 

102-2 


50 

10 „ 

98-47 

95-4 

100-8 

08-69 

50 

101-07 

99-8 

101-9 


SO 

1 P. M. 

99-20 

96-2 

1014 

70-80 

50 

101-31 

100-1 

103-3 


so 

4 „ 

. . 100-43 

98-4 

102-6 

69-80 

85 

101-62 

100-3 

102-8 

© 

60 

7 » 

. . 101-23 

99-4 

3.02-4 

66-78 

50 

101-97 

100-4 

103-2 

© 

50 












10 „ 

. . 100-96 

98-6 

103-0 

69-66-5 

50 

101-70 

.100-7 

102-8 


.50 ' 

1 A. M. 






101-50 

100-6 

102-0 


20 

4 





i 

Jj 

' 101-32 

100-6 

102-0 


.20 


H* 



Abnormal tomporaturea due to sickness or unknown causes have been omitted. 
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Table I— 


'Hour 


Mean 

Min. 

Mas. 

A. T. 

Oba. 

Mean 

Min. 

Max. 

A. T. 

Obs. 




-- 


Gows 









June 





July 



7 A. M. 


101-40 

99-4 

104-3 

81-87 

50 

101*14 

100-0 

102-2 

81-88 

65 

10 » 


101-18 

99-8 

103-6 

87-97 

49* 

101-17 

100-0 

102-0 

85-97 

65 

1 P. M. 


101-15 

99-4 

102-4 

88-102 

49» 

.1 01-37 

100-3 

102-4 

88-103 

65 

4 „ 


101-50 

100-7 

103-i 

92-106 

50 

101-56 

100-6 

102-6 

91-105 

66 

7 „ 


101-61 

100*5 

103-3 

88-102 

49* 

101-57 

. 100-4 

. 103-0 , . 

85-101 

65 

10 „ 


101-62 

100-4 

103-6 

81-97 

48* 

101-45 

’ 100-2 

103-0 

83-95 

65 

1 A. M. 


101-65 

100-2 

103-0 

86-94 

19* 

101-25 

100*0 

102-7 

84-90 

20 

4 „ 


101-50 

100-0 

102-8 

83-89 

19* 

100-91 

100-0 

102-4 

82-86 

20 




August 




December 



7 A, M. 


100-69 

99-6 

101-8 

77-85 

60 

100-80 

98-8 

102-0 

48-59 

50 

10 „ 


100-96 

99-5 

101-7 

78-93 

60 

100-19 

97-4 

101-6 

56-66 

50 

1 P. M. 


101-17 

99-8 

102-4 

79-101 

60 

100-66 

98-6 

101-8 

66-78 

60 

^ » 


101-19 

100-0 

103-4 

80-102 

60 

101-35 

99-6 

102-6 

70-78 

50 

7 


101*10 

100-0 

102-5 

80-92 

60 

101-90 

100-0 

103-6 

65-77 

50 

10 „ 


101-01 

100-0 

102-4 

79-90 1 

60 

101-66 

100-0 

103-0 

58-66-5 

60 

1 A, M. 


100-84 

100-2 

102-0 

76-81 

20 



.. 





100-55 

100-0 

101-6 

73-78 

20 

... 


... 

•• 

.. 






Bhee^ 

V 










Eebruary 




June 



7 A. M. 


101-54 

99-0 

102-9 

48-51-5 

50 

103-87 

103-0 

104-7 

80-94 

50 

10 ,, . 


102-06 

99-0 

103*2 

57-60 

50 

103-47 

102-0 

104-6 

92-99 

50 

1 P. M. 


102-57 

100-5 

103-6 

69-70 

50 

103-85 

102-6 

105- 

98-106 

50 

4 ,,, 


102-04 

101-4 

103-8 

69-74 

50 

103-60 

102*2 

104-8 

105-109 

' 50 

7 „ 


103-11 

102-0 

104-2 

62-73-5 

50 

104-06 

103-2 

105*0 

101-105 

i 50 

10 „ 


102-52 

101-2 

104-0 

59-67 

50 

103-77 

102-8 

106-0 

90-99 

50 


* temperatures due to sickness or unknown causes have baeB omitted. 


Sg ' Rectal Temperatures of Animal^at Rest 

Table l-^coitcld. 


Hour 

Mean 

Min. 

Max. 

A. T. Obs. 

Mean 

Min. 

Mux. 

A. T, 

Ohs. 





Goats 









February 





June 



f A. ■ M. . . . 

101-83 

100-4 

104-4 

48-51-5 

49* 

104-15 

101-0 

106-4 

80-94 

50 

10 „ 

101-52 

5)9-8 

103-6 

57-60 

49* 

104-28 

101-4 

106-6 

92-99 

50 

■ 1 P. M. 

102*50 

09-2 

105-8 

69-70 

49 

104-97 

102-8 

107-0 

.98-106 

50 

4 „ 

103-48 

101-5 

106-4 

69-7<l- 

4i»* 

104-87 

103-1 

106-8 

105-109 

50 

,.7 „ 

103-65 

101-8 

105-8 

62-73-5 

49* 

105-27 

104-0 

07-0 

1011.05 

50 

10 „ 

103-20 

100-4 

105-6 

59-67 

49* 

105-22 

103*6 

1U7-6 

90-99 

50 





Fowls 









Febrnai’y 





May 



. . 7 a . -H. 

108-85 

104-8 

108-3 

63-06 

27 

108-2.5 

107-0 

109-2 

92-94 

27 

10 „ 

106-70 

105-7 

lOS-0 

70.73-5 

27 

107-97 

106-6 

109-0 

93-95 

12 

. : 1 P. M. 

106-80 

105-8 

108-3 

74-74-5 

27 

107-83 

106-6 

,109-0 

95-98 

27 

4 „ . . 

106-94 

105-8 

108-3 

75-76-5 

27 

107-78 

106-6 

109-0 

98*99 

27 

7 ,, 

106*13 

104-8 

107-7 

74-5.76-5 

27 

106-96 

106-0 

108-3 

94-95 

27 

10 „ 

105-23 

104-2 

106-7 

73-5-75 

27 

106-40 

106-0 

107-6 

92-93 

27 


* Abnonnal temperatures due to sickness or unknown causes have been omitted, 


is witiulrawn and until tlie rfading is taken. 

It would lia7(^ ])een preferable for one 
observer to make the readings recorded 
in this paper but this was not feasible. 
However, most of them were done by one 
person and care wag always taken that 
the worker carried out observations pro- 
perly. 

Effect of dofaecation on temperahire 
recordings 

In experiments at Izatiiagar in Marcli 


and May 1943, 51 obser^ ations wmre made 
on 27 cows Ity the one observer. Temper- 
atures were recorded every few minutes, 
and as soon as an animal had defaecated, 
its temperature was taken again. The, 
difference, if any, between this recordiiifii> 
and the next previous pre-defaecation 
recording was noted. In 43 instances the 
post-defeacation temperature was lower 
by ()*3°P., mean (range 0-l-0'8‘*P), in six 
both i‘eadings were identical and in only 
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' ■ Table "■ 

Bodii iemperainres {'"‘F.} of MiUhidls and sheep {at MuMeswar) 





Sheep 



Hill-bulls 


Hour 



Month: July 



Month July 




Mean 

Min. 

Max. 

Mean 

Min. 

Max. 

2 P. M, 


103-Q9 

102-8 

103-6 

101-73 

100-6 

102*4 

3 „ ■ 


103-13 

103-0 

103-6 

102-10 

101 -2 

102-4 

4 „ 


303-18 

102-6 

103-6 

102-07 

101-4 

102-4 

5 „ 


103-31 

102-8 

103-6 

102-04 

101-2 

102-6 

6 „ 


103-66 

103-2 

104-2 

101-79 

101-2 

102-5 

7 „ 


103-47 

103-Q 

104-2 

101-65 

101-0 

102-0 

8 „ 


103-07 

102-0 

103-8 

101-43 

100-8 

102-0 

9 


102-98 

101-8 

103-8 

101-26 

100-4 

301-8 

10 » 


102-96 

101-8 

103-4 

101-12 

100-6 

101-8 

u „ 


102-56 

101-4 

103-0 

100-96 

100-2 

101-6 

12 night 


102-62 

101-2 

103-6 

100-94 

100-0 

102-0 

1 A. M. 


102-51 

101-6 

103-0 

100-68 

100-0 

101-2 

2 „ 


102-77 

101-7 

103-1 

100-91 

100-0 

101*4 

3 „ 


102-79 

102-1 

103-4 

100-87 

99-7 

101-6 

4 


102-78 

102-2 

103-4 

100-62 

99-4 

101-2 

5 


102-69 

1021 

103-2 

.100-92 

:ioo-4 

301-2 

6 „ 


102-49 

102-0 

103-0 

100-99 

100-5 

101-3 

7 


102-74 

102-2 

103-5 

101-68 

101-2 

102-0 

8 „ 


103-04 

102-4 

103-G 

101-82 

101-4 

102-2 

9 


.103-11 

102-5 

103-6 

102-14 

101-S 

102-5 

10 ,, 


102-93 

102-1 

103-5 

101-99 

101-7 

102-4 

11 „ 


103-02 

102-.3 

103-6 

101-92 

101-5 

102-4 

12 noon 


102-93 

102-5 

103-4 

101-99 

101-4 

302-6 

1 P. M. 


103-01 

102-4 

H»3-6 

301-74 

101-1 

102-3 


Air tempera tare 69-74° F, 

Nine observations at: eaeh lionr 


Air temperature TO-TS^F, 

Ten observations at eaeh hour 
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Bectal Temperatures of Animals al Best 
TabijE IB 

Body temperatures m of luffaloes, oows and huMoohs 




'Animal 

Month 

Hour 

Mean 

Mill. 

Max. 

A. T, 

Obs. V 

Noon 

7 A. M. 

11 

Noon 

4 P. M. 

Noon 

11 A. M. 

11 „ 

11 „ , 

100- 07 
99-10 
99-(53 

100 08 

101- 73 
99-41 

100-13 

99-60 

97-26 

98-0 

97-8 

97- 0 

98- 9 
100-2 

99- 0 
99-0 
97-6 
96-0 

102-0 

101*5 

103-1 

101-6 

101-0 

99-8 

101-4 

100-8 

99-8 

No record 
75-89 
91-105 
102-107 
99-112 
90-98 
88-88-5 
82-91 
54-67 

15 

70 
, 75 

26 

70 

15 

10 

(35 

75 A.. 

Buffaloes 

April 

May 

June 

Jirly 

August 

December 

Cows 

April 

Noon 

100-69 

100-1 

101-4 

No record 

15 

Bullocks 

April 

May 

June ■ ■ 

July 

August 

Deeember 

7 A. M. 

4 p. M. 

7 A. M. 

11 

Noon 

4 P. M. 

Noon 

7 A. M. 

11 „ •> 
4 P. M. 

11 A, M. 

7 A. M. 

11 ,, 

4 F. M. 

101-30 

101-8<5 

101-38 

101- 49 

102- 09 
102-03 
100-87 
101 91 
102-24 
102*65 
102-29 

99-87 
100-21 
j 101-66 

1 

100-6 

101*2 

99- 6 
100-0 
101-0 
101-1 
100-2 
100,5 

100- 7 

101- 7 
101-0 

97-8 

99-0 

100-8 

101-8 

103-5 

103-0 

102-7 

102- 7 

103- 0 

101- 4 

103- 0 

104- 0 
103-7 
104.-8 

, ;i.oo-8 

101-8 

102- 5 

■ 76-82 
102-109 
77-89 
91-105 
102-107 
100-112 
90-98 
80-84 
88-88-0 
82-89 
82-91 
49-53-6 
54-67 
69-76 

20 

20 ^ 

70 

75 

25 

70 

15 

•10 

10 g 

40 M 

65 B 

35 

75 

35 

- — 



Table IC 


Body tem-perature of buffaloes 


Montli! August, 

Time: §— 9 a. m. 

Air temperature : 79-5— 86’6®F. 

744 observations on 38 animals over 20 days, 

2 (0*27 per cent) observations were from 


7 (0-94 
15 (2-02 
31 (4-17 
58 (7*80 
116 (15-59 
206 (27-68 
151 (20-30 
132 (15-05 
43 (5-78 
3 (0-40 


96-0 to 

OG-SOF. 


96-6 „ 

or-i-F, 


97-2 „ 

97-7“ F. 


97-8 „ 

OS-S^F. 


98-4 „ 

98-9“F. 

4 

99-0 „ 

99-“F. 

£)9'6 „ 

10O-l“F. 


100-2 „ 

100-7“ P. 


100-8 „ 

101-3“F. 


101-4 „ 

101-9“F. 


102-0 „ 

103'5°F, 



Thus, 585 (78-62 per cent) were from 99-0 mikI 101-3‘’F. 

’ ^ Mean of observ'ation8=99-97''F. 

Minimmii .. -Oe-O^F. 

Maximum ... s=!l02-0®F<. 


Ranges of body temperature {°F,) of various animal species 




► — lacludes some records 


F. C, Minett and S. Sen 
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two slight rises of O'l aiid 0*2''F. were buffaloes, cows, sheep, goats aud fowls at 
recorded. Grant, Millar and Worden Izatnagar for different times in different 
[1942] found that in cows the tempera- months. Similar figures are given in 
tnrc of a faecal mass as it is passed is con- Table lA, in respect of sheep and hill-bulls 
siderably below’ that of the rectal mucosa, at Mukteswar, in which hourly body tempe- 
It seems that the passage of this cooler natures are noted. Table IB is a supple- 
mass over the mucosa temporarily lowers mentary table of body temperatures of 
its temperature. buffaloes, cows and Hariana bullocks 

obtained from the records of another 
Obseevations experiment. The figures have not been 

^ . , . included in Table I because the times are 

Mean Umperatures at various times of difterent. Tabla 10 is a frepuenoy distri- 
the day at different seasons bution table of 744 temperature recordings 

_ The full data are too bulky for public- of 38 buffaloes, these being intended as a 
ation and are retained in the Record office check on the recordings of the smaller iium- 
of the Institute. Mean and range figures her of animals shown in Table I. Table II 
only are given in this paper. shows for the various times and months 

Table I shows the mean daily body tern- the body temperature ranges in which most 
perature, minimum and maximum body of the observations fell, the percentage 
temperatures, range of air temperature of the observations falling within the 
and the number of observations taken, for range, and the air temperature range 


»r 



Fio. 1. Mean dally body temp, ior different times 


The data are also illustrated by charts. From Fig. 1 it is seen that in buffaloes 
In ITig. 1 the_ mean daily body tern- in December and April, the mean daily 
peratures for different times during the temperature is higher between 4 and 10 
month have been plotted, and in Fig. lA the p.m. than at other times. In June, July aii(l 
hourly mean temperatures of the sheep xlugaff the elevation is maintained to i or 
and liiil-bulls are similarly displayed. 4 o’clock in the morning. It is also seen 


n 


liectal Temperatures of Amniais at i?csi 



Fj 6', 1 A.— S4 Hoiirf) roeordinf^' 


that the body temperature rises from 7 
a.m. to a peak usually around 4 or 7 p.m. 

111 cows the temperature usually rises 
from 7 a.m., in December only from 10 a.m., 
to a higher level, commonly around 7 p.m. 

The shape of the curve is, in gcineral, 
flatter than that with buffaloes. The com- 
posite curves for all months clearly show lot 
that the temperature rises from 7 a.m. with 
buffaloes and from 10 a.m. with cows 
to reach a peak at 7 p.m. and then 
gradually falls. With sheep and goats 
(Fig. Z) the June temperatures were con- 
siderably higher than those of February, /oc 
In both species temperatures showed a 
general tendency to rise from 7 a.m. and 
to reach a peak at about 7 p.m. Tem- 
peratures were thus higher from 4 to 10 Fi«. S-Monthlj Viiriation in body temperatures, 
p. m. than at other times. With fowls 

(Fig. 3), the mean temperatures for (end) For sheep, the average night readi 
May were consistently higher than those (9 p, in. to 7 a. m.) was 102‘72°F. (rang 
for February, but instead of rising after 102-49-102-98) and day reading 103*1 
4 p. m. they fell. (range 102*93-103*66), For Mil-bulls, the 

From the hourly observations made average night reading was 101. -O^F. (range 
on hill-bulls and sheep at Mukteswar 100*62-1 01*68) and day nvadiiig IOI-88'’B', 
and shown in Fig. lA, it is seen that (range 101*43-102*1,4). 
the mean temperature starts to rise Monthly variation in body tp.mpcrciiure 
from about 6 a.m. and follows an upward Fig. 2 contains two composite graphs 
trend till the end of the afternoon illustrating from mean daily readings 
when it slowly falls to reach minimal the variations in body temperature which 
values during the hours of darkness, may occur from month to month. Similar 




3 ctq 
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COWS. 


rUNE 


BUFFALOES 


DECEMBtft 


Pig. 3. Air temperature (on the riglit) . 
Body temperature (on the left)- 
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graphs prepared for particular times 
of tlie day are omitted to save space; 

. however, the variations at particular 
tixues can be seen from Fig'. 1. It 
appears that the body temperature 
shows no marked variation from April to 
July, in August it declines a little and still 
■ more in December in the case of buffaloes. 
The mean daily body temperatures in 
April, June, Juh^ August and December, 
calculated from all the observations of 
the month as used in Table I, were, 

for buffaloes: 100*81, 100-96, 100*96, 
100*62, 99*7FF. 

.. for cows : 101*38, 101*41, 101*35, 100*99, 

' 101*09°F. 

Thus between the winter and sum- 
mer readings (December, June) the dif- 
\ ’■'^ferenee is 1*22°F. with buffaloes and 
0*32°F. with cows. 

Fig*. 2 is not drawn for sheep, goats 
and fowls since the observations were 
made in two months only and the monthly 
yariation can be seen by glancing at Fig* i. 
From air the obser vations it appears that 
the mean daily body temperature of sheep 
in February, at Izatnagar, was 102*41''B\ 
and in June 103*77°F., difference 1*36°F. 
With goats the corresponding figures are 
:: 102*70° P. and 104*79°P.,difPerence 2*09°P., 

[figures higher than those given by Sadiq 
[19^43], esf)ecially during the hot season] 
and with fowls 106*46°P. (in February) 
and 107.53°P. (in May), difference 1*07°F. 

Relation het-ween air temperature and body 
«*■ • ' temperature 

The information just given on the body 
tempei’ature variations within the day and 
at different months agrees with the now 
well-known fact that air temperature 
largely influences body temperature in 
^the animal species considered. In 
Pig. 3 are drawm graphs of the mid- 
range air temperature at different times 
of the day for different months and the 
mean daily body temperature at corres- 
ponding hours. Without going into 
details, it will be seen that except with 
the fowls a rising or falling body temper- 


ature follow’s, after a lag period of perhaps 
three hours, a rising or falling air temper- 
ature. With fowds, there was no indication 
from these experiments that arising air 
temperature influenced the body temper- 
ature, but a falling air temperature after 
4 p.m. was coincident with a falling body 
temperature. 

SUMMAEV 

The following statement show's the 
mean daily body temperature of various 
species of animals in different months, 
together with the air temperature 
range. For fuller information, the reader 
is referred to data tabulated in the 
paper. 


Animals 

Month 

Air 

temperature 
(range, "F.) 

Mean daily 
body tempe- 
rature (“F.) 


Ajjri I 


100-81 


June 

81-108 

100*96 

Buffalo, male 

July 

80-1 Ofi 

100-90 


August 

73—102 

100*62 


December 

-19— 80 

99*74 


April 


101*38 


June 

81—106 

101*41 

Cow (Hariana) 

July 

81—10.5 

101*35 


August 

73—102 

100*99 


December 

48- 78 

101*09 

. % 

February 

48— 74 

102*41 

Sheefj 





.June 

80—109 

103*77 

1 

February 

48- 74 

102*70 

Goat 





June 

80—109 

104*79 


February 

63— 76*5 

106 46 

Fowl, male 





J uno 

92— 99 

;l 07*53 
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B.ecfal Temperatures of 'Animals at Res t 


2. Hourly obBorvatioiis over 24 hours 
on liill-hiills and sheep showed that the 
body temptu'atiu’o starts to rise about 
6 a.ni.j follows an upward trend til! early 
evening and then griulnaliy falls to a 
minimum value at about .1 to 4 a.m. 

3. In cattle and bufiaioes, sheep and 
goats the body temperature level is infl- 
uenced by the atmospheric temperature, 
variations in the latter being followed by 
similar variations of body^ temperature. 
The diurnal level therefore tends to be 
higher after 1 p.m. than before that tiine, 
the difference being far greater with 
buffaloes, sheep and goats than with 
cattle. 

4. In teniperaJure-taking, the personal 
factor is important. Witliout special 
instruction differences around 1*0°F. may- 
be registered by different observers. The 
thermometer should be inserted as far as 
possible and left in position for one 
minute. 

5. Following defaecation, the rectal 
temperature was lowered by O-.'h’F. (mean) 
at 43 out of 51 trials. 


Akono wleug-rm-k ua’ 


Most of temperatures measurements 
were carried out by Mr M. B. Menon, 
G'.V.Sc; Similar assistance' was remdoredby 
Messx's N'.S. Sankaranarayau, (I.M.'V'.C.j 
K.C. Miikerji, M.E.C.V.S., and N.C. 
Sen, G-.B.V.O. 
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A MdTfi ON DERRIS DRESSING OF YOUNG CHICKS FOR 
' THE CONTROL OF SEED-TICKS (LARVAE OF 
ABGAS PBUSIOUS OKEN) 


J3y S. Gr. Iyee and Z. A. Hashmi, Poultry Eoseareh Section, Imperial veterinary 
Eesearch Institute, Izatnagar 

(Eeceived for publicatioia on 9 September 1944.) 


Sen [1942] was successful in eradi- 
cating persious larvae from affected 

fowls by the application of a 10.0 per cent 
aqueous suspension of derris root powder. 
The treatment was tried by the authors 
on an adult fowl, a one month old and six 
two-week old heavily infested chicks in a 
private flock where ‘seed-ticks’ were cau- 
sing annoyance and loss. Six of the chicks 
died within an hour of the derris appli- 
cation, while the two oldest birds suffered 
no apparent injury. In order to test the 
■ toxicity of derris applications, small-scale 
experiments were undertaken on chickens 
of different ages. 

Expeeimental 

The chicks used in these experiments 
. were hatched and reared at the Institute 
poultry farm. In each experiment an equal 
number of untreated chicks were used as 
controls, all these remained healthy. Derris 
root powder was made into a 10.0 per cent 
suspension in water and after thorough 
stirring wavS applied with cotton-Avool to 
the whole of body, except the natural ori- 
fices and eyes. The result is shown in 
Table I. 

Table I 


Mortality in chicks due to derris dressing 




S s’ 


■J 

T "3 


o 

o 

m 


Number 
after dre 

Remarks 


11 


Dead chicks showed acute 
parencliymatous nephritis. 

!<) 



All deaths occurred within 
IS hours of derris dressing. 

35 

11 

1 


60 

11 

j Nil 



As derris dressing was found to be 
unsafe in Amry young chicks, and as Sen 
[1942] had applied the dressing on limited 
areas of the body,it Avas decided to experi- 
ment Avith partial dressing, using Amry 
young chicks (2 and 16 days old). The 
results are given in Table II. 

Table II. 

Result of partial dressing with derris 


"i 

Dressing under 
wings 

j Dressing under 
j wings and 

1 abdomen 

Dressing under 
wi]ig.s, abdomen 
and inside of 
thighs— 

bo 

< 

No. 

dressed 

No. 

died 

No. 

dressed 

No. 

I died 

No. 

; dressed 

i 1 

No. 

died 

2 

6 

Nil 

6 

3 

! 6 


16 

6 

Nil 

6 

Nil 

6 

! 2 


All deaths occurred Avithin 24 hours of 
derris application, the dead chicks shoAving 
acute parenchymatous nephritis. 

Summaey 

Derris root poAvder at 10.0 per cent 
watery suspension, as recommended for 
killing ‘seed-ticks’ {Agras persicus) on 
foAvls, cannot be used for chicks up to 
five Aveeks of age owing to its toxicity. 
The toxic effects are in proportion to the 
extent of body surface covered. For adults 
the medicament is apparently safe and in 
these experiments 11 birds two-months 
old surviAmd the application of the suspen- 
sion over the Aviiole body surface. 
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VITAMIN A DEFICIENCY AND REQUIREMENTS OF FARM MAMMALS 
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Introduction 

Vitamin A u Ovsscuitial for lierbivorourf 
animals but their food contains little or 
none. The riddle was not completely 
solved for nearly 20 years after MaOollum 
and Davis [1913] discovered the fat solu- 
ble vitamins, tliongh it early became 
apparent that green plants also possessed 
vitamin A activity. Steenbock and his 
co-workers [1919; 1920; 1921] found ji 
close correlation between the amount of 
yellow pigment in rootvS, maize, leaves and 
peas and their power to cure rats deprived 
of vitamin A. He offered the fruitful 
suggestion [1919] that vitamin A might be 
a leiico-form of a carotenoid pigment. 
Coward [1923], too, found that vitamin A 
activity was associated with the lipochro- 
mes in fruits and flowers and concluded 
that wherever carotene is found vitamin A 
may be expected to be present. 

Tlie significance of the observations of 
Steenhock. and his co-workers, and of 
Coward was obvious, but they did not bear 
fruit for some years. The early attempt 
of Drummond [1919, 2] to ascertain 
whether pure carotene could be subs- 
tituted for vitamin A miscarried, as caro- 
tene was unstable in the solvent, ethyl 
oleate, he happened to employ. Further, 
Steenbock, Sell and Buell [1921] could not 
discover any relationship between vitamin 
A potency and pigmentation in butter, cod 
liver oi 1 or egg yolk. 

In 1928, howmmr, Euler, Euler and Heli- 
stroni [192S] proved that carotene cured 
rats .suffering from advanced vitamin A 
deficiency a lui helicved that it was a.s effec- 
i.ive as vitamin A. The matter was finally 
.setllod by Mriore [.1929] who .showed that 
paroteiio was converti^il into vitamin A in 
^ihe animal body and storeil in the liver. 
;'llhe elimnical relaiionshi}) between vitamin 


A and carotene was Ixdieved liy Karrer 
and co-workers [1931] to ])(! sniai iha,t two > . 
molecules of viiamiu A werii foruK'd from 
the division of the s 5 -minetrica.l molecule 
of (:)-ca,roteiie with the addition of Ii 20 , 
this fission and hydrolysis presumably ■ 
occurring in the body with the assistance 
of an enzyme. 

In cattle, according to Moore [1932], 
only part of tlie carote.ni' absorlxvl is. 4 .^ 
changed into vitamin vV, much being stored 
in the body fat. The proportions stored 
and convertiid vary with the brood of cattle 
and this accounts for difference.s in tlio - 4 .^ 
depth of colour in their body Fat and milk. 

Preformed vitamin A has not been 
found in plant tissues but active oarote- 
nokhs are pre.sent in all green plants, pmn- 
kins, sweet potatoes and carrots. Seecis, 
except yellow m;iizo and. palm kernels,!* 
are relatively free and the amounts pi’e- 
sent are inadequate for tlie nutrition of 
animals. Active carotmiold.s other than 
j3-carotene which occur in plants are a- and ’ 
V-carotene and cryptoxanthin, the last 
being the biologically active pigment in f 
yellow maize. According to Kuhn, Brook- ' 
mann, Seheunort and Schieblich [1933] 
fi-carotene has twice tlie biological 
activity of a- or Y-carotene, but this 
observation has never been confirmed, 
and the relative value of cryptoxanthin 
also unknown. Karrer and Sohlientz 
[1934] obtained principally fDcarotene 
from gTasses, spinach and netth'.s, and 
carotene from plant souitios including 
alfalfa was found by Smith and Milner 
[1934] to Jiave a high melting point and to 
be optically inactive, indicating that tlni " 
(Fform preduninated. jPi'.arotiine is used 
as the international standard foi* vitamin 
A, and the vitamin A puteiu'.y of IIk; usual 
forage plants can, (luM-efoiT', lie deducisl 
with reasonablt^ ai’cnracy from the amount 
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of carotene they contain, and expressed in 
international units of vitamin A. 

Symptoms on vitamin- A deficiency 
Cattle 

General 

Tile effect of vitamin A deprivatioii lias 
been extensively studied in the bovine. 
Altliough a variety of manifestations may 
be present the diagnosis, particularly in 
milder forms, maybe difficult. Hart, Mead 
and Guilbert [1933] found that the tinie of 
manifestation varied in the same herd, 
because of differences in the previous food 
supplv and amount of reserve stored by 
the animal. The state of maturity, lacta- 
tion, gestation, development, production 
and rate of growdh all influenced the onset 
of symptoms. Thus serious symptoms 
and fatalities may be present in young 
stock while adult animals show no symp- 
toms. Newborn calves from dairies on 
‘alfalfa ranches’ when taken to be nursed 
by depleted cows on a ‘grain ranch’ re- 
mained normal for 6 to 8 weeks. At the 
same time the calves of depleted cows on 
the same ‘grain ranch’ were weak and died 
in 1 to 5 days. This would indicate that 
newborn calves from the former farms had 
a reserve sufficient for a period of 6 to 8 
weeks. Mead and Began [1931], in their 
earlier work with calves on rations devoid 
of roughage, found that symptoms deve- 
loped in 1 to 3 months after the animals 
were changed from whole milk and grain 
to a concentrate mixture low in vitamin A. 

Halverson and Sherwood [1930] demon- 
strated that cottonseed poisoning of cattle 
was in fact caused by vitamin A dehciency. 
In one experiment a large percentage of 
steers on an exclusive ration of cottonseed 
meal and hulls developed symptoms in 88 
days. In other experiments dairy heifers 
averaging less than 1 year of, age were 
continued on the ration for 200 days 
before the advent of acute symptoms. 
Evidence is adduced by Jhora et al. [1939] 
that animals on deficient rations contain- 
ing cottoiiseed de\’eIoped symptoms in a 
shorter time than when the rations did not 
contain cottonseed. 


Giiilliert aud Hart [1934-] studied the 
time required to doj'ilete non-lactating 
cattle wdiich liad iiad ample opportunity 
to store vitamin A. Twelve steers 9 to 20 
mouths of age were raised on native green 
pasture, irrigated alfalfa, or sudaii grass, 
with alfalfa and siidan grass hay in the 
winter season. Tiie first group of ani- 
mals, 4 in number, 12 to 19 moirths of age, 
was killed at the start. Their livers con- 
tained from 500 to 830 bine units per g. of 
liver tissue. Tiie second group, 6 in num- 
ber, was placed on the cxperiraontal ration 
consisting of dried molasses beet pulp 70, 
rolled barley 14, cottoiiseed meal 15 and 
GaGOs 1 per cent. The'se animals were 
killGd in pairs, 63, 121 and 282 days, res- 
pectively, after being placed outlie ration; 
the last pair was in an advanced stage of 
vitamin A deficiency. Tin^ animals in this 
group showed a progressive loss of liver 
reserve. The first pair liad. 2-30 and 420 
blue units (per g. of liver), respectively, 
the .second, 160 and 50, and the last pair 
afforded only a trace of blue colour with 
the unsapoiiifiable matter from 20 g. of 
liver. Symptoms did not appear in the 
first 4 animals and were manifest after 
225 days in the last pair. One after 252 
days showed night blindness. The other 
animal had a slight nasal discharge on the 
241st day and was also night blind on the 
252nd day with some evidence of incoordi- 
nated movements. Facial paralysis deve- 
loped in both animals and in one of them 
the left ear drooped. Tlie appetite and 
general appearance remained normal. On 
the 276th day a mild diarrhoea developed; 
nasal discharge and muscular incoordina- 
tion became rapidly more marked, the hair 
appeared rough, appetite failed, weight 
rapidly declined, ])ut no lesions of the 
cornea developed. Tliey were slaughtered 
on the 282nd day. 

No abnormality was found on post 
mortem examination and tlio carcases 
passed meat inspection. Both animals had 
a dressing percentage of about 65. The 
fat was snow white, whereas tliose killed 
at the expiration of 63 and 121 days 
showed a creamy yellow fat, and those 
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iiled at the beginning of the experiment 
bowed a still deeper colour. Carotene 
ppears to be; witlidrawji from the adixiose 
issue .during vitaiuin A dex>rivation with- 
)ut coincident rediictiou of tin; reserve of 
;at. The last pair showed a uniform daity 
mcrease of 1 and 1-3 lb. up to a few days 
before vslaiighter. This result is in hp'- 
mony with that of experiments on swine 
by Lund [1938] in which vitamin A defi- 
ciency did not affect digestion, X-^roteiii 
and mineral metabolism or the utilisation 
of energy, but the appetite was gradually 
lowered. 

The third group, containing 2 animals, 
received, in addition to the concentrate 
mixture, 1 lb. daily of high quality field 
cured alfalfa hay. When slaughtered on 
the 127th day their livers liad only 50 and 
80 blue units, respectively, per g. of liver 
tissue, indicating that the limited intake of 
alfalfa had had little effect on the main- 
"^hiiancG of their reserves. 

In another experiment a heifer on a 
diet low in protein, phosphorus and vita- 
min A passed through a gestation and 
lactation but her milk .flow was so meagre 
that her underdeveloped calf gaineil only 
25 lb. in 5 months. Nevertheless the 
mother, after 14 months on the diet, 
showed no symptoms of vitamin A defi- 
ciency. Newborn calves were shown to 
have low reserves, indicating tJiat the 
pregnant mother on high intake is unable 
to supply vitamin A to the foetus much 
faster than it is utilised. Dann [1932] 
show-ed this to be the case in rats and 
rabbits. Thus the foetus will suffer first 
when borderline deficiency is reached. 
In agTeement with Drummond, Coward 
and Watvson [1921] and otiiers, colostrum 
was found to be relatively rich in 
vitamin A. 

Eye> Bechdei, Honeywell and Dutclier 
[1928] r(‘X30rtcd blindness in 1 of 5 animals 
on a ration deficient ill vitamin A.Eye lesions 
were, reported in calves by Halverson and 
Sherwood [1930] in their studios on cotton- 
seed poisoning. Meiga and Conver.se [1932] 
also reported the birth of blind calves iu 
cows on low grade roughages. Mead and 


Regan [1931] demonstrated typical xeroph- 
thalmia in some of their calves raised on 
diets without roughage. Sa,uchez [1933] 
and also Schieblich [1934] d( ‘scribed a 
similar condition in Spain. Two hundred 
milk cows taken to Seville from Switziu’- 
land gave birth to calves 80 cent of 
which were blind without visible eye 
lesions. Native cows also gave l>irth to 
blind calves and tlie incidence decrcasi'd 
after green food was given. 

In the severe outbreak rex)orted by 
Hart and Guilbert [1933] the two lesions 
in the animals from a few weeks to one 
year of age varied from, xirofuse lacliry- 
mation and slight clouding of the cornea 
to extensive keratitis, ulceration of the 
cornea, loss of the aqueous hnmoiir, lens 
opacity and shrinking of the eyeball with 
complete and permanent I)lindness. Cloud- 
ing and ulceration of the cornea was also 
present in the steers from 1 to 2 years of 
age. Practically all of the adult cows 
showed night kindness without corneal 
lesions. 

Night blindness from vitamin A defi- 
ciency is believed to result from an inade- 
quate rate of regeneration of \'isual purple. 
Idle nature of the d(>f ect has liemi elucida- 
ted by Wald [1934], and lias recently been 
discussed and the pertinent literature 
reviewed by Tansley [1939], Cows that 
are deficient only during the early months 
of pregnancy may give birth, to permanet- 
ly blind, but otherwise normal, calves. In 
young animals the amaurosis, once deve- 
loped, is nearly always permanent, irrespec- 
tive of the amount of vitamin A subsequent- 
ly ingested. There has been some differen- 
ce of opinion as to the cause of this form 
of blindness because it has oijcurred under 
conditions in which vitamin A deficiency 
was not. suspected, and oihcj* possible 
causes have been suggested. The case 
reported by Crocker [1919] and. c,onsi,dore<l 
to be the result of insidious rachitivS were 
probably diie to lack of vitamin, A.. ,De 
Sehweinitz [1931], and l)e Iscliweini tz and 
De Long [.1934] describi'd a similar condi- 
tion under the name of papilloedema or 
choked disc and suggested that the defect 
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miglit be liereditary. Moore, Huffman 
and Duncan [1935] described 24 cases of 
tMs condition in calves and growing dairy 
animals but concluded that it was different 
from Idindness due to deficiency of 
vitamin A. 

Hart and Gruilbert [1937] experiment- 
ally produced cases of blindness in vitamin 
A deficiency. In these cases the pupils 
were widely dilated and there was a charac- 
teristic greenish colouration inside the 
eyeball when viewed through the cornea 
with the animal facing the light. There 
was pinching off and degeneration of the 
optic nerves where they pass through the 
optic canais in the sphenoid bone from 
stenosis of the walls of these canals. 
These authors regarded the bone changes 
as secondary, but, in view of the experi- 
ments of Mellanby [1938], this opinion 
may need revision. Kuhlman, Grallup and 
Weaver [1936] reported both xerophthal- 
mia and the above permanent type of 
blindness in their calves on a diet low in 
vitamin A. 

Mellanby [1938] produced deafness in 
young puppies by withholding vitamin A. 
There was nerve degeneration of the 
cochlear neurons and new bony growth in 
the modiolus, with degenerative altera- 
tions in the organ of Oorti and the sensory . 
epithelium of the semicircular canais. 
He regarded the overgrowth of bone of the 
labyrinthine capsule through pressure and 
stretching, to be the most probable cause 
of the nerve degeneration. New macros- 
copic bone formation was also found at 
the base of the skull. This author con- 
cluded that nipping in the various foramina 
was the cause of the degeneration found 
ill the optic, trigeminal and facial nerves. 

A report by Moore [1939], on blindness 
due to constriction of the optic nerve, 
papillary oedema and nyctalopia in calves 
deprived of carotene, has recently appeared. 
Papillary oedma was noted in 19 calves 
and 8 mature cows on low vitamin A 
rations, as well as in 3 calves at birth 
from dams receiving low intake of this 
factor. The night blindness was cured by 
t he addition to the diet of carotene in the 


form of alfalfa hay. In none of these 
cases was xerophthalmia or keratitis 
observed. The blindness was attributed 
to intracranial pressure. It is presumed 
that permanent blindness occurs only in 
young animals because mature cows have 
the optic canal fully developed and calcified. 

Mucous membranes 

Vitamin A deficiency may affect 
epithelial structures in any part of the 
body as -well as peripheral nerves and the 
central nervous system. Mason and 
Ellison [1935] suggest that vitamin A 
j)lays a part in protein metabolism within 
the epithelial cell. In deprivation the 
formation of glycoproteins or mucin, seems 
to be retarded and that of albumenoids or 
keratin to be increased. 

The respiratory tract is commonly affec- 
ted and pneumonia is usually the terminal 
condition, causing death. This is frequent- 
ly a subacute pneumonia with nodules the 
size of a pea or larger scattered through 
the liepatised areas and containing a mix- 
ture of air and pus cells. Lung abscess 
is another condition developing late .in the 
deficiency. The legs are sometimes swollen 
and oedematous and this may be due to 
presence of parenchymatous nephritis. 

Hoeses 

Vitamin A defieienc}' in horses has been 
reviewed by Edwards [1937] and the 
literature from widely scattered parfs of 
the world cited. Mitchell [1930; 1931; 
1933; 1935; 1936] considers roaring, 
stringliait, navicular disease and bony 
exostoses to he manifestations of nutri- 
tional deficiencies, including deficiency of 
vitamin A as well as Ca and P imbalance. 

In Finland .Klemola [1933] showed that 
faulty hoops in the army horses were due 
to vitamin A deficiency. The scaly secre- 
tion of the pen-of)Jic band, which in places 
formed a thick spongy crust, changed to 
a normal, thin shiny, varnish like layer, 
when vitamin A or carotene was supplied. 

The rations of iiorses as ordinarily 
made up in many parts of the world 
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liaJjIe to 1)0 low in vitamin A. Particular- 
ly is this tlio case witli army horses 
to whicli paRiiiraye is not available. 
Meadows [19.19] wa.-; undoubtedly describ- 
ing Ibis condition as oecuri ing in horses 
and camels in Persia during the Great 
War and rendciing them useless and 
dangerous for night operations. 

Guilbei-t, Howell and Hart [1940] have 
determined minimum vitamin A and 
caroten)^ requirements of some mammals, 
including; the horse. Night hlinduess 
developed on the rations commonly used. 

The necessity for two standards for 
expressing reqiiirenumts, one for vitamin 
A and one for caroh'ne, was pi)inted out. 

Pms 

In their early experiments Hart and 
McCollum [1914] showed that wliou wheat 
kernel was the only food supplied, pigs 
developed dragging of the hind quarters 
and general paralysis, with a peculiar 
delleclioii of the head. Tliis did not occur 
when milk or egg yolk was added to the 
diet. Histopathoiogical studies of the 
tissues of affected swine wore reported 
two years later liy Hart, Miller and 
McOoiium [1916*]. Marked alterations 
were found in ilie motor ceils ()f the spinal 
cord. At the time, thes(' were creditnd to 
the inlierciil toxicity of the wlnnit kernel 
but the po;-ibi]il\ was rai:-e<l of the 
limited vitamin A in the diet Ivung res- 
ponsible. The paralysis was Intel* slu)wii 
by Hughe;-.;, Licnluu’dt and Anlul [1929] 
to be caused by inn-ve degenerations in 
portions of tlie spinal c.ord, optic, sciatic 
and femoj-al nerves of affected swine. 

Hah' [1933] reported that a gilt whose 
diet was deficient in vitamin A farrowed 
.11 pigs withoul; e)-el)ails. Rider [.1935] 
described cases in which incooi dinatioii 
oeciiiTod under natnra! conditions with 
a stringhait like gait and ])osterior para- 
lysis. This incoordination in some cases 
caused lateral spinal curvature with a 
swaying gait and gave tlu' inijn'ession that 
the hiiid qnart«':*s could not track the for<' 
quarters but followed off to one side. 
Swine pa.ralysis due to vitamin A deficien- 


cy was also reported by Dunlop [1935] 
on rations' wbicb had b(*eTi iH'coinuiended 
for general use in .Rnghind. 

in feeiling expi'rinu'tits will) O'O to 2 
per cent connm'rcial cod liver oil givem in 
conjunction with a meal mixture ciiiuniou- 
ly used in pig feeding practice', Root e/ ah 
[1939] found that ])igs made good pro- 
gress while controls on tlu' ineai mixture 
alone failed to thrive. Tin* syniptoms 
shown by pigs remeiving no cod liver oil 
included loss of appetite', cessation of 
growth, impainmnit, of vision in daylight, 
abnormal gait, coiivnlsiv(' fits ami nervous 
collapse', ’rneumoiiia or intlammaiion of 
the intestines or both m-curi'i'd in all of 7 
pigs that di(Ml during fatti'iiing. 

Shebj’ 

Sheep (111 a <li(‘t detiih nt in vitaJiiin A 
suffer from night blindness and in some 
cases hav(' pei*nuim'iit defective vision in 
semidarkiiess, irrespi'ctive of sub.‘i'e(pient 
vitamin A intake or storage. Such ani- 
mals (miiiiot In* nsi'd for the stmly of the 
niiiiLmiiiii r('([uiremeiits of vitamin A by 
iiH'aiis of the night blindness test. 

Aged ewes, without the drain of la'pro- 
dnetion or laetation, are ubii' to rt'iimin 
a longtime on rations delici(*nt in vitamin 
A wlthoiii showing symptoms, in 4 such 
animals at this station, 22 months elapsed 
Ix'Fori' night blindness was manifi'sti'd, 
we re killed, in cacliexia. afti'r 27 to 30 
moritbs. As in (*attl(*, vitamin A was witli- 
di'awn from stor»'s jnor(‘ rapidly daring 
the first Neartban subsequently. Onset of 
sym])tom.-^ following tin' di'velopnn'nt of 
night, blindnes.--, was gj'adiial. Tliey wa*re 
anorexia, loss of condition ainl muscular 
wmakiiess. In tin' fiuai .stages 2 of tin* ani- 
inai.s had eloudi'd corntms but 

sight iu daylight was m'ver seriously im- 
paired, Pneumonia, eiib'ritis and pari'ii- 
cliymatons hisions in tin* kidney were the 
outstanding post, mortem timlulgs. 

Rfforl.s have b('('ij niaih' to traci' the 
etiology of urinary catc.iili t<.) vitamin A 
deticiency but ,-•) far without definite proof. 
Calculi are more common iu slns'p than in 
other farm sijecies. 
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Effect ofi' reproduction- 

After it became established tJiat vita- 
min A was essential for normal reproduc- 
tion ill mammals, the study of the effects of 
its deficiency on reproduction in the bovine 
species was complicated by tlie widespread 
existence of infectious abortion. 

The early work of Hart, McCollum, 
Steeiibock and Humphrey [1.911] on the 
effect on reproduction of rations restricted 
to a single plant, wheat, oats or maize, 
proved conclusively that failure of repro- 
duction could be of nutritional origin. 
Tlieir firsl; experiments led them to suggest 
that toxic bodies carried in the rations or 
pirodiiced in tlie intestinal tract, and also 
poor mineral content of the diet, might 
afford a possible explanation. Further 
work, ]) lib iished in 1917 after the disco- 
very of vitamin A, did not suggest that 
the absence of this vitamin wms the cause. 
In 1920 additional work with the oat plant 
was published and again reproductive 
failure occurred ; this was attributed to low 
Ca. Hart, Steenbock, Humphrey and 
Hu Ice [1924] presented new observations 
and fresh interpretations of the previous 
work from which they concluded that the 
wlieat plant was deficient in both vitamin 
A and Ca. The addition of these subs- 
tances made the wheat xolant ration comp- 
lete for reproduction, thus making it 
unnecessai'y to continue to assume the 
presence of a toxic factor. 

Hadley and Hawn [1929] and Hart, 
Hadley and Hiuiiphrey [1932] demonstrated 
that a good ration did not increase resis- 
tance to infeelious abortion nor did a poor 
one inerea.‘'e susceptibility. In their ex- 
perience lack of vitamin A was an impor- 
tant cause of failure of reproduction. 
Incidental I}' they confirmed the observa- 
tions of Golding, Soaines and Zilva [1926] 
that cod liiTu* oil given to cows on a high 
pilane of nutrition w^as responsible for 
reducing the hutterfat by more than 20 
per cent. 

Meigs n.nd ronverse [1932] reported 
effects on i'eprodnction in dairy cows of 
rai.iohs containing low grade roughage'. 


After fairly long periods on grain and 
XJ.S. No. 3 timothy hay the animals gave 
birth to premature dead or weak and blind 
calves. When a better grade of timothy 
hay was given the proportion of normal 
claves was larger and, when the roughage 
consisted of TJ.S. No. 1 alfalfa hay repro- 
duction was quite satisfactory. 

Hart and Guilbert [1933] studied vitamin 
A deficiency in a severe natural outbreak 
in a herd of 250 head of which 100 died. 
Reproductive failure was comph'te in 25 
to 30 cows calving at the height of the 
deficieiicj^; all the calves were born weak, 
had severe diarrhoea and died in 1 to 5 
days. Less severe manifestations were 
reported by Hart, Guilbert and Gi)s.s[1932] 
under natural range conditions during 
prolonged dry seasons. 

When expulsion of weak or dead offspr- 
ing occurs, a differential diagnosis can be 
made between this condition and that of 
infections abortion, if conditions jjermit 
agglutination tests with Brucella abortus 
antigen to be made. The Carr and Price 
colorimetric test can be applied to liver 
samples of the foetuses and, if no colour is 
obtained, vitamin A deficiency is to be 
considered. Both conditions may be 
involved, as indicated by the experiments 
reported by Haring and Traum[1937]. 
Infectious abortion attacks the cells of the 
maternal and foetal placenta. The same 
cells are affected in vitamin A. deficiency. 
Mason [1935] has shown that in vitamin A 
deficiency foetal death is secondary to 
marked placental injury, whereas vitamin 
E deficiency affects the foetal tissue 
primarily. 

Diarrhoea in the newborn due to vita- 
min A deficiency may be confused with 
white scours. The history of the cases 
and analysis of liver tissue will help in 
diagnosis. If due to the former it will be 
promptly cured with vitamin A therapy. 
Severe losvses from wliite scours occur 
when intake of vitamin A is ample and its 
use as a therapeutic agent under these 
conditions is unavailing. A recent report 
on this subject has been made by Stewart 
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and McCaJi,uin[1938j. Moore and Hallman 
[1936] have suggested from tlioir experi- 
mental evidence that white spotted Iddney 
in calves may be the result of vitamin A 
deficiency. 

Ability of bulls and of cows to breed 
is not neeevssarily lost evciri when they are 
completely night blind and have muscular 
incoordination. Some evidence of struc- 
tural changes in the seminiferous tubules 
of bulls has been reported by Gruilbert 
and Hart [1935]. No sperm were found in 
the testes of one of their experimental 
animals lliat died of the deficiency. A 
young bull became so depleted as to develop 
permanent blindness from optic nerve 
constriction. Later, when supplied with 
adequate vitamin A, this animal became 
an active breeder, its semen contained 
mobile sperm, and it sired normal offspr- 
ing, indicatijig that cessation of sperma- 
togenesis, which may occur at the height 
of the deficiency, is not permanent. 

In another experiment of Hart and 
Miller [1937] 11 of 17 ewes which at breed- 
ing time were night blind conceived and 2 
had twin foetuses. The depletion was 
continued in these 11 cases and all of the 
lambs were born dead or died within 24- 
hours. Thus it may be stated in general 
that ability to conceive is affected late in 
the deficiency but failure of gestation is a 
relatively early manifestation. In hogs 
there is some evidence of apparently re- 
duced prominence of the testicles in defici- 
ent boars as compared with controls of 
the same age. Gestation also fails in this 
species and, according to Hughes [1934] 
and Hughes, Anbe I and Lienhardt [1928], 
resorption of the foetuses is common. 

Altliougli carotene is the pigment caus- 
ing the yellow colour in the corpus luteum 
this has probably no function in repro- 
duction. In the heifers studied by Mead 
an<l Regan [1931], which had no roughage 
but were supplied with cod liver oil, the 
corpus luteum was found to be completely 
lacking in pigment. Otiier animals in the 
same group were going through normal 
reproduction. 


vStouaoe and depletion 

While storage* of vital til n A under 
average CO udititions is ampio for reason- 
able periods of low intake there ai'<? mmiy 
conditions in which knowl(M]g(^ of tlui mini- 
mum requirements is of practical impor- 
tance. The reserves of vitamin A in the new- 
born are low. With a given intake the j'ate 
of storage depends on the degree of deple- 
tion and rato^ of growth, so that maximum 
storage occurs in adults of advanced age. 
The reserves in tissus othm: than liver, 
fat and blood serum may be considered 
negligible. Semb, Baumami and Steenbock 
[1934] found that the blood siMnim of cattle 
contained significant r(‘S(‘i’V(?s. (luilbert 
and Hart [1935] found that in rattle with 
livers having 300 to 500 blue units per g. > 
the lung and spleen extracts gav(^ negative 
tests and the kidneys contained only 1 to 
5 units per g. The reserves in the body 
fat of these animals varied from, 7 to 33 
per cent of the total. In normally fed, 
animals the reserves in the liver were<^ 
largely composed of vil.amin A, whereas in 
the fat carotene predominated. The data 
of Guiibert aiul Hart [1935] showed a 
withdrawal from storage of 4 to 5 mg. 
daily or obout 9 to 11 y per kg. live weight, 
and that a daily allowance of carotene 
approximating to tlnj minimtun require- 
ment, as defined below, did little to 
diminish the rale of loss. Thus the intake 
must be considerably in excess of minimum 
requirements to maintain existing reserves 
and still greater to provide for storage iir^ 
depleted animals. 

Guilbert and Hart found that about 10 
kg. dry matter i‘r(im fre.-sh green alfalfa 
would furnish 3*5 to 5'0 g. c-aroteiie and 
this would be equivalent to the e.st,imated 
maximum storage in a very fat aged cow 4^ 
that had had access to green feed in 
abundance throughout hm* life. In one 
case a depleted cow was given about 15 g. 
Carotene in green alfalfa oven,' a 13-day 
period. At the (nid of the period she 
showed a storage of approximat(dy 400 
or 2*7 per C(‘nt of tkit amount ingested. 
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This constituted an average daily storage 
of 30 mg. in excess of requirements. 
There was a concentration of 500 blue 
units per g. of liver tissue which is com- 
parable to the amount present in the liver 

I of 1 to 2-year old cattle kept under 
optimum conditions. These results com- 
pare favourably with those obtained in the 
rat by Davies and Moore [1934]. In one 
of Gruilbcrt and Hart^s* experiments it had 
been shown that animals recemng 11b. 
daily of a fairly green cho pped alfalfa hay 
in^ addition to a basal ration low in rita- 
min A. did not show clinical symptoms of 
deficiency after a period 7 months longer 
than was required to deplete similar ani- 
mals on the basal ration alone, but as 
two of these animals secreted milk so 
delicient in vitamin A that their nursing 
calves developed night blindness their 
intake must have been below the mini- 
mum. 


^ MllSriMXJM EEQUIRMBITTS OP VITAMIX A 

A study was also made by G-uilbert 
and Hart of minimum requirements for 
cattle with the cure of night l3lindness as a 
test for sufhcienoy. Experiments were 
^ started when the animals exhibited com- 
plete night blindness in semi-darkness, 
and frequently other nervous symptoms 
in addition. Small amounts of chopped 
alfalfa hay or dehydrated alfalfa meal of 
known carotene content were supplied and 
the quantity increased at intervals until 
^normal weight increases occurred and 
clinical symptoms were cured. After 3 
years^ work, data were accumulated making 
it evident that the minimum daily require- 
ment of carotene as supplied by alfalfa 
lay between 26 and 33 y per kg. liveweigbt. 
r* Hay containing carotene, cod liver oil and 
halibut liver oil given orally were equally 
effective. Corotene, dissolved in' olive oil 
and injected subcutaneously was less effec- 
tive. Data were presented on animals 
varying in size from the rat to the cow 
which showed that utilization was related 
to bodyweight rather than to energy re- 


quirements and that in mammals 20 to 30 y 
per kg. bodyweiglit constituted the daily 
requirement. The observations indicated 
that minimum requirements for chickens 
and turkeys are highei- than for 
mammals. 

Further work by Guilhert, Miller and 
Hughes [1937] on minimum vitamin A and 
carotene requirements of cattle, sheep and 
swine showed this to be 6 to 8 y vitamin A 
or 25 to 30 Y carotene daily per kg. body- 
weight. The minimum requirements for 
swine were 'within the range found by 
Dunlop [1935]. Evidence was presented 
that, at low levels of intake, vitamin A’ 
and carotene approach, weight for weight, 
biological equivalence and that the ratio 
widens as the dosage is increased. 

Goss and Guilhert [1939] have recent- 
ly revaluated the vitamin A in the oil used 
in the above experiments by spectrophoto- 
metric measurement, using the extinction 
coefficient at 328 mp of orystalline vitamin 
A as prepared by Holmes and Corbet [1937] 
as standard, and on this basis the values 
6 to 8 y vitamin A per kg. body weight 
become 4*6 to 6-1 y per kg. Comparison 
of this oil with the U.S.P. reference oil 
permitted expression of these values as 
I.U., namely 18 to 27 I.U. per kg. body- 
weight daily. The most recent observations 
of the same group of workers [Guilhert, 
Howell aiid Hart, 1940] have shown that 
the requirements of the horse can be 
calculated on a basis similar to that used 
for sheep, cattle and swine ; the daily re- 
quirement per kg. bodyweight for horses 
was found to be about 5 y vitamin A or 20 
to 30 y carotene. The table in which these 
results are summarized is reproduced 
below. 

At least 5 to 10 times this minimum 
level is recommended in practice. Signi- 
ficant storage occurred within a few 
months with this dose, ])iit the milk of cows 
was low in vitamin . A potency. Fraps, 
Copeland and Treichier [1934] consider 
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^immarii of data an minimum vHauiiit- J. ini I mroteiie 
reqnhrciiicnl-'^ at vnriou< niunven 


Daily intake per !c{(. bodyvveight 


Spceitvi 


:.vy , 1 . u. 

Y 

LIT. 

Cattle .. .. ii'l— G-4 21—27 

26-33 

43—55 

Sbeep . . . . 17— 2G 

25-3;5 

42— .58 

Smno .. .. 4.-4-5-7 lS-24 

25—39 

42—65 

Horse .. .. 4-2~5-3 37-22 

20—30 

33—50 

Hat 4 0 — 5-31 

15—20 

25—33 

3-S— 4-(U 18—22 




1 Data based on cod liver oil thnl was ii^fed in ealtle, 
sheep, swine and horse experiiueiits. 

2 Data based on LT.iS.P. Reference eo I liver oil. 

that green growing pasture grasses are 
needed to niaintain the production oi, 
hutterfat high in vitamin A. 

Loss OP OAROTENB ( PROVITAMIN A) DURING 

PREPARATION AND STORAGE OP FODDER 

Carotene is easily oxidized in the pre- 
sence of air and light and the rate of 
oxidation is acoel orated by heat. 

Hartman [1931] found in the natural 
curing processes of hay in sunlight that, 
with the bleaching of the chlorophyll, 
carotene is rapidly oxidized and the vita- 
min A value reduced markedly. When the 
leaves of plants dry up and become brown 
their vitamin A value is completely lost 
[Coward, 1925]. Wide variations in the 
vitamin A value of hay depending on the 
method of curing have been demonstrated 
by many workers. .Russell [1929] showed 
that a sample of alfalfa hay artificially 
dried had as much as 7 times the vitamin 
A value of field cured samples. On the 
basis of this work, 7 to 10 per cent 
dehydrated alfalfa meal, notwithstanding 
its greater cost, was recommended as 
addition to poultry food in the absence of 
fresh greens. 

Generally speaking, artificially dried 
hays are higher in carotene content than 
•field cured; marked variations exist is 
both. Kisselbach and Anderson [1931] 


and Guilbert [1931] found in some casen 
no significant differnce, Haugc and. 
Aitkenhead [1931] studied the querstioii 
and ooncJiided tliat enzymes were ira.p_or- 
tant causes of loss of the vitamin during 
curing. The possibility of nsing_ anti- 
oxidants in stabilizing the vitamins is ^ 
worth considering if it can be done within ^ 
economic limits. 

Gnilbert [1931] has outlined a niodih- 
cation of existing methods for the estima- 
tion of carotene in forage. He [1935] 
used this method in studios of factors 
affecting the carotene content of alfalta 
hay and meal. Tests were made on the 
effect of vacuum drying foi- 3 hours at 100° 

0. Four fresh leaf samples showed 48*9, 
52*0, 46*0 and GO-3 mg. per cent, respective- 
ly, while the corresponding vacuum drmd 
samples contained 48*1, 5 L*3, 46*6 and 57*1 
mg. iier cent. In similar tests on ^the 
effect of autoclaving for 1 hour at 17 lb. 
pressure, the loss of carotene varied from 
33 to 67*5 per cent. Samples subjected 
to sun drying lost as much as 69*5 per cent ^ 
of the carotene content. A sample pre- * 
viously dried in vacuo exposed under glass 
to the sun at the same time lost 67*4 per 
cent of its carotene. Fjiizymes were shown 
to play a part in the destruction of this 
substance. In one test, where leaves were ^ 
exposed at 38° C. over water and toluene % 
for 24 hours and then vacniim dried, a 
loss of 49 per cent occurred. In a control 
vacuum dried sample there was no loss. 

Environmental temperature during 
storage is important. Sherwood and^, 
Praps [1932] demonstrated the loss of 
vitamin A potency in cattle foods during 
ordinary storage, whereas .Russell, Taylor 
and Chichester [1934] found that, when 
stored -m at 0+5° C., alfalfa samples 
sustained no loss of carotene. The latter 
workers were of the opinion that the rate t 
of carotene loss in cured plants might he 
greater during the early days of storage 
than after a few months had elapsed. 
Fraps and Treicliler [1933] indicate the 
reverse to be the case. Gnilbert [1935] 
made tests on alfalfa stored at 3 different 
temperatures. Samples in stoppered 
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glass tubes or in heavy paper containers 
stored for 8 weeks in tlie dark at tempera- 
tures of — 5 to 5-0. sustained no loss; 
storage for 8 weeks at room temperature 
of 20 to 30° C. resulted in a 30 per cent 
loss. After 9 days in the dark at 60' and 
80° C. there was 62 and 87 per cent loss, 
respectively. He showed that over a 15- 
day ' period the rate of loss of carotene in 
alfalfa leaves was roughly doubled for 
each 10° rise in temperature. The loss in 
whole leaves was only slightly less than in 
finely ground leaves. The rate of loss in 
ovens at both 40° and 60° C. was greater 
during the first 3 to 6 days than 
subsequently. 

In storage under practical conditions 
losses of carotene were serious during 
summer weather, the mean temperature 
being J0° F. or higher. After several 
months under such conditions artificially 
dehydrated meal might be much lower in 
carotene . content than freshly prepared 
sun dried' meal produced under favourable 
conditions. 

Peterson, Hughes and Freeman [1937] 
reported a modification of the G-uilbert 
method of carotene estimation in foodstuffs. 
The methods of carotene estimation have 
been examined by the American Associa- 
tion of Official Agricultural Chemists, and 
Munsey [1937 ; 1938] as xissociate Eeferee 
made two reports on the subject. In 1939 
the Eeport of Sub-Committee A on Eecom- 
mendations of Eeferees [1939] recommen- 
ded that the Peterson Hughes method for 
the estimation of carotene be adopted as 
tentative, and the spectrophotometer be 
used or the OT per cent potassium dichro- 
mate reference standard. 

Ensiling is an important method of 
preserving fresh ' forage. The usual 
method of ensiling results in protein 
breakdown and fermentation during which 
carotene is destroyed. Virtaneii [1938] 
modified the method so as to maintain the 
acidity of the ensiled material below ps 4, 
and thereby prevent the destruction of 
carotene. The method under the name of 
the A.I.V. process has been widely used 
and is a practical success. 


Erlatiois' of caeotekoids liSr the food to the 

COLOUR OP MILK AXD BODY FAT 

Palmer and co-workers [1922] found 
carotene was the principal pigment in 
blood serum ^ and in the body and milk fat 
of cattle and in skin secretions of Guernsey 
cattle. The yellow colour in chicken 
tissues, including egg yolk, is mainly 
xanthophyll. Swine, sheep and goat 
tissues do not usually contain an appreci- 
able amount of pigment and their body fat 
is white. The subject has been studied by 
Hirzel [1935] in experiments with rabbits. 
In this species, as shown by Willimott 
[1928], xanthophyll is the main pigment 
in the fat. Xanthophyll also occurs in 
the fat of some strains of sheep in 
Australia. In the pigmentation of the fat 
in both rabbits and sheep in California, 

. Guilbert [1936] has shown the pigment to 
be xanthophyll. 

The widespread prejudice against 
yellow fat in the beef trade has little to 
support it, except for the tendency of the 
colour to increase in intensity with age 
and thus to be a sign that the meat is from 
aged animals. As the carotene furnishes 
an important dietary essential it is mis- 
chievous to permit trade practices which 
result ill deprecation of its presence. 
Carotene is present in greatest quantitv 
in the carcases of grass fed animals which 
are often lacking in ‘finish,’ and is parti- 
cularly marked in old dairy cows of the 
Channel Island breeds. Well ‘finished’ 
cattle which are largely fed on concentrates 
with small quantities of roughage have fat 
which is relatively white. 

Thus colour has become carelessly 
used in the meat trade as an index of 
quality, but this attitude has barely exten- 
ded to the housewife or ultimate consumer. 
The grading of beef based upon conforma- 
tion, quality and smoothness of the carcase 
with the degree of finish or covering with 
fat, is sufficient to place all carcases in their 
proper class. 

Buckley aL [1930] reported caro- 
tenosis in bovine livers, found during meat 
inspection. There was parenc|i|matous 
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degeneration witli engorgement of the 
liver, tlie excess of carotene producing an 
intense yellov' or reddish colour. The 
cause of the condition was not determined. 

Carotene has been supposed to have 
some relation to one of the commonly occur- 
ring off-fiavonr termed ‘oxidized’. It was 
found by Guthrie, Eoadhouse and Eichard- 
son [1931] to result from contact of the 
milk with Cuor Cu alloys. Kende [1932] 
studied the relation of the diet given to 
cows to its development. It occurred in 
winter, and green feed or fresh hay was 
shown to contain considerable amounts 
of reducing substances which tend to pre- 
vent oxidized flavour or lessen its intensity. 
Anderson [1936] and Anderson, Wilson 
and Hardenbergh [1937] have concluded 
that the substance responsible for the 
beneficial effect of green food, artificially 
dehydrated alfalfa and carrots in preven- 
ting ‘oxidized’ flavour was carotene. 
Whitnah, Martin and Beck [1937] showed 
that spontaneously occurring oxidized 
flavour could be prevented on high caro- 
tene rations. Beck, 'Whitnah and Martin 
[1939] foutjd no relation between frequen- 
cy of occurrence of oxidized flavour and 
the lecithin or vitamin A content of the 
■milk but it was effectively prevented by 
giving as little as 206 mg. carotene per 
head daily to cows that had been constant- 
ly producing milk with this off-flavOnr. 

Brown, Vanlandiiigliam and 'Weakley 
[1939] found that ascorbic acid given at 
the rate of 1 g. daily partly, and carotene 
given at the rate of 360 mg. daily greatly 
reduced the production of ‘oxidized flavour’ 
by contact with metals. Tliey were of the 
opinion, however, that the spontaneous 
development oi‘ oxidized flavour was not 
due to the ration being low in carotene. 

The literature cojitains many references 
on the vitamin A and disease hut that 
subject is too large to he covered in this 
review although some references to it haye 
been made. . 

Epithelial ceils are widely distributed 
in the body. It is logical to consider that 
the keratlnisation of these cells would 
lower their resistance to invasion by 


bacteria and parasites. Many of the 
lesions produced in vitamin A deficiency 
result from secondary bacterial invasion 
and, ill advanced cases of such deficiency 
these lesions overshadow the primary defi- 
ciency and are the apparent cause of death. 

The claims of enthusiasts for the pro- 
phylactic action of vitamip A against infec- 
tions have not been substantiated by ex- 
perimental and clinical data. Neverthe- 
less it is a safe maxim that to supply 
adequately the requirements of vitamin A 
in the rations of our animal populations is 
a part of "good husbandry. It takes! ts 
place with many other factors in main- 
tenance of better health, well being and ^ 
production. 
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ABSTRACTS 


Research in nutrition : Its contribution to live- 
stock production. George II. Haet (1941). 
Atner J, vet. Bes. 2, 131-35 

In view of the importance to the veterinary profession 
of new discoveries and constantly developing knowledge 
in nutrition, a brief review oi* development has been 
■ traced from the close of the last century. 

Nutritional requirements vary with different species of 
farm animals. Contributions of recent researches reveal 
some very interesting facts. 

The various factors in the water soluble vitamin B- 
complex, including thiamin, riboflavin, panthotheuie acid, 
nieotinie acid and pyridoxiiie, have been proved to be 
synthesized by bacterial action in the riimen of cattle and 
sheep. It is therefore not an essential factor in the 
dietary constituents of these animals. This synthesis is 
also a probability in horses’ caecum, but it is as yet 
unsupported by experimental data. Pigs require this 
B-eomploxin diet, as no such syntlieses take place in their 
bodies. As the hatchability of eggs and viability of 
chicks are dependent on B-complex in diet, this 'also 
constitutes an essential factor in poultry breeding. 
Subcutaneous administration of vitamin 0 (ascorbic acid) 
has recently been shown to be of vaiue in temporary 
sterility in bulls. Vitamin A is essential in all farm 
animals. The possibility of vitamiu-Edefleiency is verv 
doubtful, as vitamin E is widely distributed in foodstuff a 
or synthesized in the’ system of the domestic animals. 

Animals living largely on roughages., a.s cattle and 
sheep, require bonemeal a,s a source of phosphorus in their 
diet. As bonemeal contains a higli percentage of calcium, 
no extra calcium is needed when bonemeal is given. Hogs 
and poultry which get limited roughage require calcium 
in the form of ground limestone or oyster shell Hour 
in their diet. Consideration in all cases has to be made 
of the cheapest source available of minerals .supplied to 
livestock beyond what is contained in their regular feeds. 
Milk fever has been shown to be due to the temporary 
inability of the animal to transport calcium into the blood 
from the body store at the same rate as it is taken out 
ill the milk of the heavy producers. Parathyroid as a 
pivot of caiciuin metabolism may be involved. Further 
research is however, necessary to sufficiently enlighten the 
point. Iodine gains its importance due to its deficiency 
appearing in widespread and localised areas. Iron 


deficiency is demonstrated in anaemia in young mirsiug 
pigs kept on wood or cement floors and is overcome by 
painting the udders of the nursing sow with iron prepara- 
tions, 111 cattle combined deficiency of copiier and iron, 
in which Hb content of EBO M-as greatly reduced, has been 
reported from Florida. 

Heredity and environment are both important factors 
111 the development of livestock. If the environmental 
level can be raised.lby improving the feed supply, then the 
limits of selective breeding can be proportionately exten- 
ded. Without phosphorus supplement, attempts to 
improve the native cattle was a complete failure In wes- 
tern parts of the Union of Bonth Africa. Enviroumont in 
animals is largely a matter of management, mainly coiisis- 
ting of nutrition, Livestok production has definitely 
been benefited by nutritional rosearehB.s, enabling the. 
most economical use of the local cheap foods by succe.ss 
fully supplementing their deficiencies. Prarie hay with 
calcium carbonate and grain mixture, for example, 
was nearly equal to alfalfa hay and grain mixture at 
much less cost. 

It is, at present, possible to obtain a elieap and 
abundant supply of synthetic urea. It contains a high 
percentage of nitrogen and can successfully replace a 
part of the protein requirements iu the diet of ruminan- 
ts. The nitrogen is converted by bacterial action into 
protein. This discovery promises a successful applica- 
tion wherever protein feeds arc costly as in the Hawai- 
ian islands, [.-1. K. P.] 

The pH of vaginal mucus of normal and sterile 
dairy cows. S F. Smith and S.A. Asdell (1941). 
Amer. J. vet. Bes. 2 , 161 

The authort? examined the reaction of saline ivashing 
and of manually collecte 1 samples of the vaginal mucus 
of healthy cows. The pH values of the former were 
generally 0.5 to 1.0 lower than the latter. In tests on 
mamiallj'' obtained mucus of both normal and sterile cows 
the pH vva,s. with one exception (a cow suffering from 
pyome^ra), alkaline, although the pH dropped from about 
S.O to 7,0 for a short period at, or just after, oe.strus. 
The mucus of the cer\ ix was found to bo more acid than 
that of the vagina. Injections of large doses of oestro- 
geim did not cause the vaginal .secretions to become acid 
and, on the whole, affected the vaginal pH but slightly. 
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In all these tests, the glass electrode was used in estima- 
ting pH. The authors conclude that sterility is not often 
due to an acid reaction iu the vagina. [J. B. P.] 

The determinatioa and clinical correlation of 
variations in the calcium, inorganic phosphorus, 
and serum proteins of horse blood. A. Henry 
. CRAias, Jr. and JOHN. D. Gadd. (1941). Afuer. 
^ J. vet. Bes. 2 , 227-256 

Ai’TEB a general review of literatiire on the calcium, 
Inorganic iihosphorus and protein contents of normal horse 
blood as also the changes they undergo under variovs osteo- 
dystrophie disease conditions, the authors proceed to give 
their own findings and interpret the clinical variations 
with respect to various factors, such as age, sex, breed, 
season, pregnancy and diseased conditions, etc. They 
found hat the period allowed to elapse between the time 
of collection of blood and its chemical examination, had 
some effect on the inorganic, phosphorus, calcium, and 
protein values. If , however, the serum is separated soon 
after the blood gets clotted, there is little change observed 
iu these values. Sex difference has got no influence on 
chemical composition of blood. Mares in foal and those 
recently delivered showed distinct variations from the non- 
pregnant marcs, specially in the serum protein values. Iu 
pregnant mares, the total protein was high and tho albu- 
min; lobulin (A:G) ratio was considerably low, averag- 
ing 0.8 as compared with 1.3, the average for males and 
non-pregnant females. With respect to calcium, there 
was a definite tendency towards, hypocalcemia during the 
final stage of pregnancy when the fetus was making strong 
-demands on the dam for calcium to promote ossification. 
Hinorganie phosphorus showed little alterations. 

Age definitely lowers the inorganic phosphorus of blood. 
For foals less than three months old, the average is 7'lmg/ 
100 c.c. This average receded with advancing age to a 
minimum of 3.1 mg/100 c.c. for horses over five years old. 
In the case of pregnant maies, the value is still leas for the 
first half of -the year which e.xceed 3 the mi aimum (3.1) 
again during tho second half. Age does not appear to 
^ have any influence on the scrum calcium values, average 
“ being 12.2 mg/100 c.c. In the case of total serum pro- 
tein, foals less than three months old showed a signifi- 
cantly low av'erage (o.l), while for animals abovm this 
ago, the average was 6.1 gm./lOO c. c. The A:G ratio 
is the highest in the youngest group (below three 
months: 1.7) reaching a constant average value (1.3) for 
animals above six months through an Intermediate value 
^1.5 for animals between three and six months). 

Seasons, too, have their effects. The total serum 
■ protein showed a distinct gradual rise and fall from one 
season do another. In June and February the highest 
Jevlls were obtained. A similar trend was observed 
in the level of total calcium. From a high level in July, 
the average calcium value sinks in August to rise gra- 
dually to another high point in November, while the 
proteins remain relatively constant untip October. The 
average inorganic phosphorus in five year old horses, 
both males and pregnant and nou-pregnant females, 
revealed a constant rise from a minimum of 3.8 mg /100 
c. c. in March to a peak of 3.9 in July. Thence it gra- 
dually receded to 3.3 by September. A further reduction 
W'as encountered only in winter. Feeding had also slight 
effect, especially on tiie calcium values. 

Based on an idea that the variations in caleium and 
phosphorus valiic.s are to a significant extent the result 
of interactions among calcium,, phosphorus and protein, 

.the authors have suggested an equation, viz, Oa "^"^ 4 - 0.4 


P__Oage— Fv, where Oa and pho.sphorus (inorganic) 

are expressed as mgs/lOO c. e. of serum; Oago^ is a cons- 
tant varying with the age of the horse (l-able given) ; and 

Pv, the result, is normally 0 and been calcula- 

ted from the figures for total calcium and protein accord- 
ing to.the formula of Mi* Lean and Hastings ( 1 S )35 Amei^ 
J. Med. Set. 189, 60l> in order to coordinate the results of 
calcium, phosphorus and protein analyses run shnulianeoii- 
slyasan aid in iudentifying primary disturbances in 
the blood calcium and phosphorus. ' -i.- 

Oases with acute bone lesions (e. g. acute arthritis, 
fracture) revealed a high incidence of blood calcium 
and phosphorus deficiency the latter showing a greater 
variation. In subacute eases (c.g. subacute periostitis 
and ostitis), however,, tho.se effects were progrcsbiveJy less 
pronounced. Chronic bone lesion.s (eg. ringbones, spavins* 
and other oxostoses of chronic nature) were rarely asso- 
ciated with calcium and phosphorus deficits in tho blood. 
From the study of clinical subjects with diseases of the 
soft tissues, a distinct tendency toward slight hypocalce- 
luia was observed in respiratory cases (eg. bronchitis, 
pulmonary emphysema) ; and diarrhoea was associated 
with marked reduction in the lilood levels of both calcium 
and phosphoru-s. Hypociiicemia, on the other hand, was 
never encountered iu counectiou with symptoms of teiany, 
etc. [B. N. M] 

Observation on the longevity of the liver fluke, 
Fasciola Gigaatica, in cattle. ^ JosEiTl E. 
Alicata, and Leonard E, Swanson. 
Amer J. vot. Bes. 2.? 417-18 

The authors carried out experiments on the longevity 
of liver fluke, F. gujantioa, and concluded that these 
flukes are usually eliminated by the end of one year, but 
in certain cases they may persist for even three years and 
four months. 

Five steers of weaning age wore selected from an area 
known to be free from fluke infection iu cattle. These 
steers were given 800 encysted motacercariae of F. gigan- 
tica iu gelatine capsule. Faeces samples were examined 
.for fluke eggs every three to six mouths. Eggs started to 
apiiear iu the faeces from the third month and continued 
to pass iu large numbers for 16 mouths. There after, a 
marked decrease was ob.served iu the number of eggs 
jiassed. One animal slaughtered at thi-s time had 110 mature 
flukes. By the end of the second year, two infected steers 
showed no evidence of fluke ova in their faeces. In the 
remaining two, a few ova persisted in their faeces till 
they were slaughtered, the first at 37 months and the 
second at 40 months. [S. K. C.j 

Semen studies in the bull. R. W. Dougherty and 
H.P. EwALT(194i). Amer. J. vet. Bes. 2,418-26 

Ik this article the authors have described the prelimi- 
nary result? of their studies on bull semen. Tho routine 
.semen examination included 645 samples obtained from 
103 bulls which were mo.stly herd sires and experimental 
animals. Four hundred and seventy -eight samples were 
obtained with an artificial vagina and 15S from the iienis 
of the bulls following dismounting after service; the rest 
were taken by rectal massage, from the ampuli of a slau- 
ghter house specimen and from the vagina of cow.s immedi- 
ately after service. Artificial insemination work wa .4 
also undertaken to correlate the laboratory findings of 
the semen studies with actual breoiling ef ticioney. Foi- 
this work, 7 herd sire-s and 75 dairy cow's of three diffe- 
rent breeds were used. A 4 artificial vagina was used to 
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colloflf; tlio somen samples from the bulls; in each case 
1-2 e..e. of seiuoii was uaod to iiisciuiiKite the cows and 
laboratory examinatiea was made with the rcmahiiug 
portion of the semen to evaluate its quality. The labora- 
tory examination of someu included (i) total anioimt of 
ejaculate (ii) luicvo-eopie estimation of motility (iii) 
spermatozoa counts (Iv) tabulation of the number and 
different kinds of abnormal spermatozoa (v) pH doterinl- 
natioii, Seuieu samples were evaluated as excellent,, good, 
f.ur or poor,, and the s]»erm counts were made with liaema- 
cytometers with normal saline as the diluting fluid. In 
making semen smears, ordinary blood smear method was 
nsod, which were, stained with eosLuhaomutoxylin method 
after being fixed in Schaudinns solution. Hydrogeu-ion 
detemi nations were made with a potentiometer with 
glass and colomei electrodes. 

The authors could not find any correlation between 
the quality of the semen samples as evaluated by the 
laboratory methods emjdoyed by them and the actual 
breedhig perfonuances. In one bull, however, a slight 
negative correlaxion was noted between the number of 
abnormal forms of spermatozoa and the fertilizing ability, 
q'he results obtained by the authors demonstrate a consi- 
derable diurnal and <Iaily variations in the characteris- 
tics of the semeni, differences being more pronounced hi 
samples obtained from bulls in excessive sexual use. A 
correlation was noted between 1 he motility and viability 
of .spermatozoa and changes in the pH values of semen in 
the first few hours after the sample has been taken. Sperm 
motility has been found to be a factor in causing the 
hydrogen-ion ehauge.s of semen. Very motile samples - 
showed a gradual rapid .{lecllne in pH. Semen samples of 
two bulls known to be of poor fertility were usuaUy 
alkaline and on .«t!indmg, the pH values increased. When 
the spermatozoa were inactivated by refrigeration or 
treatment with U.3 c. c. of a l:l,p00 solution of bichlo- 
ride of mercury, the rapid decline in pH was prevented. 
Hydrogen-ion determinations were also made on seminal . 
vesicle secretions and umpiili contents of 17 abattoir 
specimens; pH of the former varied from 5. 59to6. 4.S 
and that of the latter from 3. 6*5 to 6. 33, It has been 
suggested that pH deteniinations of semen samples should 
be made immediately after collection, 

A few preliminary experiments have also been made 
to find out whether or not there is any correlation bet- 
ween the ascorbic acid content of semen and breeding 
perfoinnances of the bull. Seventeen semen samples obtai- 
ned from five bulls were fuiulysed and the ascorbic acid 
content of semen varied from 0. 5)7 mg. to 8.08 mg. per 
100 c, c. of semen. Although the fiscorbic acid content of 
semen from one bull with poor breeding performance was 
rather high, the results obtained indicated a positive 
correlation between ascorbic acid content of the semen 
samples and the breeding efficiency of the bulls. 

The authors remark that no single test can be used to 
judge the fertilizing quality of semen and that even 
when all the common tests are made the evaluations are 
of doubtful value except in exlreme cases. [ P. B. ] 

A method of determining the reproductive effi- 
ciency of cattle. H. E* Kingman and H. E. 
Kingman, (1942). J. Anicr. Vet. lies. 3 

In this article the authors have shown how to keep and 
arrange njcords relating to reproduction in cattle so that 
the breeding histories of individuals or groups can be 
studied separately or collectively. They have discussed 
the importance of statistical analysis of data for deter- 
mining the reproductive efficiency of the herd. Various 


methods of ealculatiou of reproductive officiency have 
been discussed and their merits shown. The following has 
been found to bo the most suitable one. 


Gr (Cow years) 

ciency), -where 
and Or,=.mm- 

9 (Gestation period in cattle in months) 
ber of cows in each year; the basis of calculation of a 
cow year is 13 months, but svheu a cow is in the herd for 
9 months or more, she is included in the 13 month group. 
The general formula for estimating the breeding effici- 
ency of the bull consists of dividing the number of succes.s- 
ful services by the total number of services and multipl- 
ying by hundred, the result is expressed in jierceut. Tlie 
methods of calculation for comparing the rexiroductive 
efficiency of a bull by various system of breeding or 
when comparing the reproductive efficiency of different 
bulls by the same method of breeding have also been 
given. The forms used at the Wyoming Hereford Raneli 
Trust for keeping the daily reports, records of injlividual 
cow compiled from the daily rexiorts and veterinarians 
reports have been reproduced and their advantages discu- 
ssed. The methods of analysis have been illustrated by 
cliartB, tables and graidis. [P. B. ) 

The bacterial content of goat milk. C. S. BeYAN, 
(1942). Amer. J. vet. Res. 3. 92-95 

Tins study was undertaken to determine the incidence 
of infectious and non-iufectious mastitis in dairy goats 
and the effect of udder infection on the quality and 
fpiantity of the milk produced. The tests employed were 
(1) standard plate count, (2) methylene blue reduction ’ 
test and (3) resazurin reduction test. The chemical and 
cellular quality was noted by finding the percentage of 
chloride, the pH and leucocyte content of the milk. 

In all the milk samioles from 380 goats in 1,5 herds 2,3 
lier cent had .streptococcal mastitis, 1.3 per cent had 
ataphylocoecal mastitis and 0.5 per cent had non-infec- 
tions 'mastitis; and 95. 9 percent had neither -iafeotiOiia 
nor non-infectious mastitis. The distribution of samples 
among the various classes of the tests employed bears 
close relationship to the results obtained upon testing 
similar samples from cows; but the chloride determina- 
tion, pH test and leucocyte] count of milk cannot be used 
to determine the udder infection, although they accura- 
tely determiuo the chemical and cellular content of the 
milk. 

The baeteriologic quality of the milk produced by •. 
goats, ivith aud without udder infection, tvas determined 
by the methylene blue and re.sazurin reduction tests and 
the standard plate count ; the results varied from one 
sample to the other. 

Ninety-seven and one-half por cent of the non-infected, 
animals gave milk of class I methylene blue test qualityO 
94,9 per cent of class I resazurin test quality, and 4.g 
XJer cent had a bacteria count of over 1,000. Cousiderinc 
the goats -with .staphylococcal mastitis, oO'.O per cen 
gave milk of class I methylene tost quality, 40.0 per cen^ 
class I resazurin test quality, aud 12, 0 xw cent had 
bacteria count of more than 1,000. The quality of milk 
Xiroduced by the goats affected with streptococcal masti- 
tis was greatly reduced; only 40. 0 per cent gave milk of 
class I methylene blue te.st quality, 37. 0 per cent clas.? 

I resazurin test quality, and 50. 0 per ceut yielded milk 
with a bacteria count of more than 1,000. [R. H.} 
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Inlienariice as a factor in poultry disease research. 
C. A. Brakdly and N. F. WateAs (1942). 
Amer. J. vet. Rr-s 105*110 

BnTEX’s work on resiarnnr-u to mycotic, stem I'list in 
wheat dejiionstraled ihe Importance of inl)Pritan(?o iji 
relation to diseases and laid the foundation of the present 
d.ay knowledge of disease liere<lity. Progress with 
animals due lo practical difficulties has, however, been 
inneh slower than in plants. IS'uinerous examples are 
given of the inheritance of non-infections pathological 
conditions in animals and birds. Eeferenee is also made 
to the work of various workers upon differences in 
snsceptibLlity among families within species or v.arieties. 
The role of hereditary re.sisfaneo and susceptibility of 
various classes of animals to various neoplasms .and 
ieueemia has been delinitcly established by numerous 
workers. The possibility that a pathogenic organism 
or virus may change or mutate must also be borne in 
mind. 

Stress is laid on the ne(‘e,ssity of working on host 
material of known resistance or susceptibility. However, 
environmout is also ery important for the level ot 
resistance which is inherited can be altered by feeding 
and management. 

Though the fundamental principles of genetics are 
relatively simple, it is unfortunate that most of the 
economic eharaeter.s in both plants and animals are 
dependant oil the interaction between many genes and 
not on two genes as in some of the lower forms of life. 
Inbreeding ■ automatically brings about homozygo.sity 
but at the same time it increa.ses the diversity from 
family to family oven though these families start 
from eomnum stock. Inbreeding increases homozygosity 
for both good and bad characters but it does not create 
defects and it merely uncovers them by purtification of 
the ^characters already pre.sent. Inbred strains of 
amall animals have proved of great value in research 
but little .systematic inbreeding has been done in large 
animals, 

Little, information is yet available about the mech- 
anism of inherited immunity. In pullorura disease it 
has been shown that the lymphocytes are present in 
greater numbers and pereeuiages in resistant chicks from 
the 18th day of Incubation to the Srd day after hatching. 

Further resistance increases rapidly witii age due to 
increase in the lymphoeytts. Age resistance in chickens ' 
to Ascaridia lineaia is due (o an increase in goblet celts 
in the duodenal mucosa and tlie mucus secrered bv these 
cells inhibits the development of the parasite. * 

Chi<-kens and other species of poultry are very 
suit.able for genetical studies in relation* to diseases 
for they can be kept fairly cheaply ami large numbers 
can be bred rapidly. By exjio.sure of unseleeted stock 
to standard infeciiori, it is sormddmes possible, even 
in one generation, io classify into resistant and 
eiis'ceptible groups. 

In using the teinii resistance or imniiinity and 
susceptibility, it ih important to remember that all of 
the individuaks of any particular stniui mav not behave 
alike; some of the so-called re,sistant strain may contract 
the disease whilst others of the susceptible strain may 
not sueeurab. Statistical examination of all the data 
is, therefore, essential. Frequent testing of the host 
material is also essential if the degree of immunity ks to be 

nmmtamed or mcreased. [A. J, M. | 


What research has accomplished in modem poul- 
try production. E. jEigGTiEmi (1941). A/ficr. J , 
vet. Res. 2.259-61 

The author discnsisos tiie inlluoncc of rc'.^carch in 
building up ‘the poultry industry and singles out four 
branches of poullry science, namely manugement, gene- 
tics, nutrition and pathology. The author does not 
give a critical review but merely cites various cxamplos 
which have had much influence on tlie dev'elopment of 
the industry. 

Mass production of poultry has been rendered jio.ssi- 
ble only through the iutroduci ion of artificial incubation, 
and .amentioh is made of the pioneer work done by W. .P. 
Hall and S. B.;Smilli. Research on house construction, 
ventilation and range inanagement has also ('ontribiiteil 
to the growth of commercial poultry fanniug. 

The remarkable mdiievemeut of a hen which laid 
1,464 eggs in eight years at the Viricland contest is 
quoted as an exanqde of wliat has been done through 
intelligent breeding based on critical research. The 
work of Raymond Pearl, who carried out the flr.wt 
systematic analysis on fecundity, along with the rosear- 
clies of Goodale and Hays on the factors governing egg 
production, i.s mentioned. Acknowledgments are made 
to w’ork on progeny testing by Goweil and on sox linkage 
by Dunn, bur no mention is made of the fundamental 
researches on sex-linkage by Puuett and Pease. 

In the field of nutrition, the work on poultry takes 
only second jdace to tluit on rats. Mention Ih made of 
the pioneer work by Eijknian who used iioultry to 
investigate the anti-beri beri vitamin. Other contributions 
mentioned are the discovery of vitamin D by M.'e Oollum 
and Simmond'-’, the value of cod liver oil in preventing 
rickets in chickens by Hart Haplin and Steenbock and 
the value of manganese in preventing porosis by Wilgus, 
Horrisand Heustr. 

In the realms of pathology, mention is made of the 
discovery of bacillary white diarrhoea by Kittger and 
the method of vaccination against Iaryn,gotracheifcia 
introduced by Beauditte and Hudson. 

The value of poultry meat and eggs in hninan 
nutrition is also touched iipori. The discovery of 
vitamin K, the blood coagulating factor, in chicks ami 
it.-’ present use in combating haemorrhage in man has 
j.>roveil of great value. The work of Eons and 
Gcodinisture on chick embryos has proved of immon,so 
v.aliie in the production of human and animal vaccines. 

Despite the advances that have been made, adult 
' mortality has steadily increased during the last twonty 
years, both in America and Britain. Work on a large 
scale on the dreaded fowl para!y.sis or ieucorfi,-, complex 
i.s now being carried out at the U. H. Regional Poultry 
Research Laboratories, East Lm.sing, Midi. Tiio uullior 
calls for closer cooporalioii among all branche.s of 
re.seareh workers in order to meet the many problem, s 
still eonfrontiiig the industry. I. -V. J. M, J 

Co-ordinated trials with phenothiazine against 
nematodes in lambs. (Imperial Agticultural 
Bure.sux Joint Publication 4,1943; 

Conflicting reports on phenothiaziiio as an anlhelmi- 
ntie and the use of different criteria in the a.sses^-iuent 
of its efficacy led the Agricultural Research <Joum-ii of 
the United Kingdom to plan and insliliife a series of 
co--ordinated trials at .several centre., in Great Brifcuin 
to acenmulate results that would arlmit of adequate 
statistical amalysis, and., would uiso furnish answ'era 
to certain specific questions. The present report la tlm 
outcome of findings at different centres. 
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The ilruM', luivnifi’ specific; composition and eharaeter, 
was tested in slug'le dovses at varying dose levels against 
sheep nematodes, using egg counts, -worm counts and 
lamb iveights as criteria of efficacy. 

Lambs, with a level of infestation of about 1,000 eggs 
per gramme of faeces were selected to represent the 
type that required treatment most. At each centre a 
unit flock of 28 lambs was used and given the following 
doses of phenothiaiiine in hatches of four; 0 (controls) 
5 gm., 10 gm., 20 gm., 30 gm., 40 gm. and 50 gm. In 
each batch two received the drug as compressed tablets 
and the other two us powder made into a drench with 
water. As a wetting and disjiersing agent about 2 per 
cent sodium celyl sulphate was used in both eases. In 
the control group, two Te(.‘eived nothing, while the 
remaining two received sodium cetyl sulphate as a drench 
as was present in the uO gni. dose, and they served as 
controls respectively against fhe lambs receiving the drug 
as tablets and as drench, Pour unit flocks, kept inside 
for six ^veeks to avoid re-iufestation. supplied information 
on egg and worm counts, and six others, maintained 
outside for sixteen weeks imdor natural conditions, 
provided data on thonetefTects of treatment on the growth 
of iambs. Each lamb was allotted to its flock (inside 
or outside), to its dosage level and to tablets or drench 
quite at random. Uniformity iti respect of recording 
resnlts was maintained at all centres. 

Statistical analysis of the findings under different 
headings and other evidence revevnled the following 
facts. 

The main fall in the total egg count was obtained 
with the first 5 gm. of phenothiazine administered; 
beyond that level the diminution was comparatively 
small and irregular. The marked susceptibility of 
Eaemonohiis to a 0 gm. dose was mainly responsible 
for the diminution in egg counts, w'hile larger doses 
were required for most of the intestinal worms to 
effect signifloant reduction. Stvorigifloides, Trichuris, 
Nenuiiodinis and Moniasia gave anomalous responses, 
the last fwo actually showed increased counts with higher 
doses. ^Veight gains of lambs indicated progressive 
advantage with increasing dosage; the suggestion was 
that higher doses were re.sponsible for the reduction 
not only of stomach worms, but also of certain intestinal 
worms, viz. Biinostomnm, Xricliostrongylus spp. and 
Coopena. considered to be of little importauee in respect 
of lamb’s health. It also appeared that weight responses 
were independent of the initial degree of infestation. 
The belief that heavily infested animals do not respond 
so well as lighlly infested ones was not therefore 
substantiated. Tablets and drenches containing the 
same amount of phenothiazine did hot differ in efficacy. 
It may be that drench is slightly more efficacious 
against stomach vvorms and, if so, it is possible that 
phenothiazine particles in a tablet require mixing with 
hosts bile salts before they are fully dispersed. 

Pull details are given of the statistical calculations 
and of the egg and .worm counting techniques nsed.fS.S,] 

Urea as a partial protein substitute in the feeding 
of dairy Cattle. E. C. Owen, J. A. B- Smith. 
and N. C. Weight (1943). Biocheyn. J , 44 

Ubka was fed to a group of seven laefatiug cows to 
determine its value as a partial substitute for blood meal. 
It provided up to 33 per cent of the nitropn in the pro- 
duction ration or 25 per cent of the total nitrogen intake. 
Por ttvocows urea was fed for a iteriod of six weeks and 
then replaced by blood meal. Por the other live cows., a 
penod of about a fortnight, without ei ther urea or blood 


meal, was inserted as a negative control period. Eesults 
for milk yield, milk composition, body weight changes, 
nitrogen balance, urea utilisation and the ' excretion of 
creatine and creatinine are given. Though urea is a 
diuretic agent, its .feeding was reported to produce no 
excessive or harmful diurosis. Throughout the experi- 
ment, there was no marked change in the body weight of 
the animals. No definite conclusion is reported concern- 
ing the study of creatine and creatinine excretion. The 
nitrogen balance data show that the retention of urea 
was not complete. About 25 per cent of the ingested urea 
was wasted. Since a eonsidorable individual variation 
was show'n,, the proportion of dietary urea, which was 
wasted, seems to depend upon the nutritional state of the 
animals prior to uvea feeding. The urea content of the 
blood apxioars to ri.se at the .start of the urea feeding and 
then adjusts itself to the normal value. The concen- 
tration of the non-protein nitrogen in the blood and that 
in the milk run parallel, as did that of the urea contents 
of the milk and the blood wirich never exceeded 28 mg. 
per loo ml., a concentration which Is considered harmless. 

In general the milk yield.s of the aniniiiLs were well main- 
tained when blood meal was replaced by urea and it pro- 
duced no alteration on the percentage of protein, total 
solid.s, fat .and Iaeto.se in the intlk, [C. P. .4.] 

The use of enzyme-converted corn syrap in the 
manufacture of bulk sweetened condensed milk. 

P. H. TR-\OY and G., EDMAN J. Dairy sci. 
.1942,25,765 

SucROSS used in the manufacture of sweetened condens. 
ed skimmed and whole milk was replaced to the extent 
of 50, 75 and 100 per cent by an enzyme-converted corn t 
.syrup, containing 33.0 per cent of dextrose, 23.5 per cent J 
of maltose, 6.4 per cent of higher sugars, 18,0 per cent of t 
moisture, 18.3 per cent of dextrins and 0>3 per cent of 
ash. Samples containing corn syrup developed more 
colour during storage (11 weeks) than did ail sucrose 
•samples. The brown discolouration increased during 
storage, as the pre-heatiug temperature of the milk as well 
as the storage temperature was raised from 170 to 200“^. 
and 40 to 90®P. respectively. A.s for the development of 
discolouration, whole and skim milk behaved similarly 
There w'as less physical thickening and leas brown dis- 
colouration when the samples were stored ai a lower tem- 
perature. Oorii syrup lowered the pH of the condensed 
milks. Flavour changes during storage were least at 40® F, 
and greate.st at 90®F. 

' Separate preheating of corn-synip and milk to 185°F., 
replacement of 50 to 100 per cent of sucrose by coru-syrup ^ 
and a storage temperature of 60°F, are recommended for 
the use of enzyme-converted corn-syrup in the manufacture 
of sweetened ' eondeu.sed milk of the U. hi. A. standards 
of composition. (0. P. A.J 

The synthesis and standardization of sodium 
resazurate for testing the hygienic quality of 
milk W. Baker, J. G. DA.vra, W. G. Leeds, » 
P. Oxley, W. F. SHO.vr. R. S Twigg and 
D. W. Watson. Biochem J., 36 Nos. 1-2, 
Prog Bisohem. Soo. S. PP. i-ii. 1942 

Two methods for the synT:bo.si,s of re.saziirin are describ- 
ed; it may be synthe.sized by allowing nitric acid eo.ntain- 
ing nitrous acid to act upon resorcinol in cold, dilute 
ethereal solution, or by the oxidation of an equi-moleeular 
mixture of resorcinol and nitrosoresorcinol, with manga- 
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HPSft (TioxMe and snlplini-ia ac'nl in a snitalile solvent, 
Piirh as aqueous aeetono. The sodium salt is finally pre- 
cipitated from strong sodium carbonate solution. Bacterial 
and tissue cells iu niilk reduce resaKurin to resorufin, 
anil ultimately to dihydroresorufin. The larger the bae- 
terial and cell contents, the faster is the dye redueed. 
ddie rest is carried out at a r-ouceiitration of 1 in 200,000 
in milk. The following standards fur resazurin are sug- 
gested:— 

(1) A eonteut of 00 per cent +3 percent of free 

re.^azuriii. 

(2) The content of resorufin should not exceed 3 per 

cent. , 

id) It should give a water-clear solution on production 
in alkaline solution (0.05 per cent). 

(4) At a conceiirration of 1:200,000 in fresh normal 
mixed Bhorlhorn milk of 3 to 4 per cent fat, a Tintometer 
disc reailing of not le-ss than 6 should be obtained. 

(5) It should be free from any substances stimulating 
or inhibiting bacterial growth in the concentration used. 

Ilesazurin is most easily purified by a repeated pre- 
cipitation of tlie sodium salt from saturated sodium ear- 
’ bonale soluliou. [E. \'. J 

'The Resazurin test for sterility of milk churns- 
" J. G- Davis and D.W. Watson. Dairy Indusl. 
(8) 415, 1943. 

The inelhod suggested by the author.s consists in rins- 
ing the chnrn.s with 500 ml. of sterile strength Ringer 
solution and adding one ml. of iho rinse to 10 ml. of 
sterile sei>arated milk in sti’eile test tube.s. The tubes are 
inculnited at 22‘''(J. for 24 hours. One ml. of 0.005 per cent 
i re.sazunn solution is then adde<] to the samples which are 
"■■.placed iu a water bath at o7°C. Readings are taken in a 
K'Ompavator after 10, 30 .and 60 mimite.s, using a tube of 
Separated milk as a control. Any sample, reducing to a 
I’^disc number 5 or le.-3S in 30 minutes, is regarded as unsatis- 
{ factoi> and has a eoimt of more than 500 organisms per 
t ml. of the rinse. Those samples, redneing to disc number 
’ 0 ill 30 minutes, are regarded as very bad with a count 
of the order of 20-30 million per churn. The sterile 
separated milk to be used should be sterilized at 100°0. 

, for one hour on three consecutive days and should be aged 
for at least one week but not more than three months, 
d’ho plate counts of the churns are determined on yeastrel 
agar using ;j: strength Ringer solution for the dilution of 
the rinse. [E. V. >S. I 

► 

^ Preparation and merits of churned cultured 
butter-milk. C, L. Roadhouse. 1942, Milk. 
PI Mon. 31, 32. 

The author has described a method for making ploas- 
ing-ilavoured, chnrued, cultured butter milk., containing 
butter gvauules and between 1 and 2 per cent of milk 
\i Inch does not readily ‘whey off’. The method consists 
111 pasteurizing the , skim milk between 185“ and 190“P. 
lor one hour and iiasteuriKing the cream separately at 
145°F. for 30 minutes. Then 0.75 per cert fat in the 
form of cream along with approximately 1 i>er cent starter 
is added, .seUiiig the milk at 70°E. and ripening to an 
acidity of U.i to u.S per cent before churning. Then it 
is churned at 68“ to 72“E, by circulating the culture 
through a (ieulnfugal jmmii and returning it to the vat. 
Salt IS added ar the rate of 2.2 ounces to etich 100 pounds 


of milk. Then 0.025 per cent stveet, cream i.s added, and 
finally the buttermilk i-s cooled to 40“P. or below. The 
butters may be coloured to whatever tiut i.s desired. The 
butter granule.s remain mare evenly distributed if the 
buttermilk is not bottled until after it is stored for 
several hours. After storage, it should be agitated to 
distribute the butter granules before bottling. In order 
to retain the original llavour of churned cultured bu/ter 
railk,, the bottle, s should be .stirroanded by ice during 
dcdive.ry, and consumers should lie advised to keoi» it e.ooh, 
(E. V. S.) 


Fly control in stables. Use of ‘GesaroF or tbs 
new ‘DDT’ in the control of stable flies. 
R. WIESMANN. Soap 19 No. 12 PP. 117, 119, 
141, 143. _ New York, N. Y., 1943. (Trnn.sla- 
tion of Eiiie Neiie Melhode dor Bekain])f ung 
der Fliegeiiplagen in slaJlen, Anz. Selind- 
ling.sk, 19 No. 1 PP, .l-S, Berlin, li)43) 

The principal dis.-tdvautai'o of Iho usual mothod.-i con- 
trolling flies in animal sited, s iu Switzerland is tlieir lack 
of residual effeci. Nimierous large scale tests sliowed that 
various species of Ilie.sare killed in u short time by contact 
with deposits of (Ic.sarol (a sjiray commntralo containing 
5 per cent 22-bis (parachlorphenyl)-— 1,1, J- trichlorethaiio, 
commonly known as DDT). Iu ‘uue experiment, which is 
described a.s an example of this, tliu bottom i and covers of 
petri di3he.s were sprayed with 1 per cent Gesurol and 
five freshly caught adults of Mmea domcfilim L. were 
put into each dish after tlie deposits had completely dried. 
Plies were trainsfered to untreated dishes after exposure 
for 0-5, 1, 2, 5, 10, 20 and (Ki minutes, and the effect w.as 
observed. There was none at tlie time of ti"i'asfei’en(;.e. 
Primary p;iraly.si3 occurred 40 mimita.s after the shortest 
e.xposure and 10 minutes after the others. Secondary 
paralysis occurred iu six h()ur,s, and .35, 35, 30-35, 30, 25 3d, 
20 and 20 minutes after the various exposures and deatii 
in 35, S, 7-8, 6, 5, 3-4 and 3-4 hours, respectively. Results 
with Stomoxjp Calcitrcnin L. were suh.stautially tlie same 
time. The dry dopo.slts on gl.ass retain their potency for 
at least three months. The chemioal acts as a uem’otoxiii, 
and the paralysis begins in tlie log.s of the flies because 
the eheniotaelic .sen.sorial organs in the tip.s of the tarsi 
come into direct contact with" the deposit. In view of the 
results of the preliminary te.sta, the wall and ceilings of a 
shed eontaiuing ten eow.s and two heiter.s were thoroughly 
sprayed with I per cent Gesarol on 20 June 1042. There 
was a layge manure pile near the .shod in which il/. domes- 
tioa and S. calGi'trans v,n^.ix‘. breeding in enormous numbers, 
and thousands of flies of these two species could be count ed 
on the walls and ceillings before spr.'iyiug. 'I’he cow.'i 
wmre very restless. While' spraying was bi progress, the 
flies dropped to the ground immmliatuly and soon dio I, 
The shed was free from flies every morning until lb 
Jul.v, 100-200 had entere I by ev-ciiiii g, bit h 1 1 b*iMi dc.i- 
troyed by morning. It rmn-iiuofl pract ic:illy I'lVi- rrmu 
flies until 25 July, although a sliglil deciv.iso in clVec- 
tivene.ss was becoming noliceable on 18th, The cow-i 
were quiet throughout this perio I and milk vielil increased. 
Ou I August nearly l.OOj fiiej were co.iuted iu the .shmi 
and a second applioati(.iu of spray was made. Two 
applieatiou.s, thn.:! timed, will give ]:irot'cd ion for the whole 
fly season. 

lieproduced from IhP Raview of AuuUrd h'/itomoloo ,/ 
September, Ibid, 
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Co-ordliiiated trials with phenothiazme against 
nematodes in lamfe® J}iip. Agric. Biireaux, 
Joint FubJicaiion 4. 1943 Price., 3$. 6 d. 

As fin inseeticUle, phonotliiaxine lias been in use since 
1934. Harwood et al (1938) for the first time reported 
its efficacy against Aacaris and 0 esophagosfomum 
Subsequently, mime vous reports have been : published on 
its use as an aothelmintie. In view of certain discrepan- 
cies in these reports and the fact that different workers 
used d Iff eroiit criteria in assessing its efficacy, the Agri* 
erdtiiral Research Council, U. K., initiated a series of 
planned trials, carried out by the same technique at several 
centres in Great Britain. These trials, involving some 
289 lambs, were so planned as to yield results susceptible 
of adequate statistical analysis and afford data on the 
effect of phenol hiuzi tie, in single dows, against sheep 
nomatodes, using lamb weights, egg and worm counts as 
eriteria of efficacy. 

The drug used fulfilled the spoeifieatioa suggested by 
Imperial Chemical Industries as desirable for i>heuothi,a- 
zine for veterinary use. Only lambs with a level of 
infestation of about l,fiO() eggs per gm, of faeces were 
selected. Each unit flock, besides reserves, consisted of 
28 lambs and was given the following doae.s (in grams) of 
jihenotluazine in batches of four: 0 (controls), 5, 10, 20, 
ffi), 40 and SO. In each batch, except the controls, two 
lambs received the drug as compressed tablets and two as 
powtler made into a drench with water. Two per cent 
sodium cetyl sulphate was used as a wetting and dispersing 
agent in both eases. Four of such unit flocks^ were 
inaintalned for six weeks inside, i.e. under conditions 
prec'huilng reinfestation, and six unit Hocks were kept for 
sixteen weeks outside, uiiflor natural conditions. 


The observations recordei provide information on (I)] 
the effect of the drug ou particular speems of worms' asi 
revealed by egg and worm counts of the inside flock, and 
(IT) resulting net effect of the drug upon the lamb* 
themselves, as shown by periodical weighings of lamiis iii; 
the outside flock. The following points of iutorost emergm 
from these trials. ' 4 

The greatest relative reduction in egg count was 
achieved by the lowe.^t do.<e (5 gm.) used; higliew doses 
reduced the counts further to a relatively small extent and 
irregularly. J 

From the worm counts, the stomach worms JInemonehvsA 
appeared to be markedly susceptible to lower levels (5 j 
gin.) of phenotliiaxine. With the inteslinal worms- 
Bwiostomum, TnxhORtrongyius and Cuoperi<i-the rcsjmusv l 
was less marked but continued up to the highest dose 
used. Anomalous responses wore obtained with 
loides, Xriohuriis, ti enuUodirrus and Monierjia. ' 

la the. outside Hocks kept under uafural conditions' 
lhou<i-h the reductions in egg count were olil iterated by- 
reiufestation, there was a relatively large weight respon3c| 
wdiieb increased roughly in proportion to do.sage up to thol 
highest dose used. This must be duo, .iiidging from thof 
‘inside’ worm counts, to the reduction not merely of 
stomach worms but also of certain intestinal wormSj 
usually considered of little clinical importance. 

No difference in efficacy was observed between tablets 
and drenches eontauiing the same weight of phenolhiazine. 

The report contains a concise historical review ot 
previous wmrk on the anthelmintic efficacy of phc!iotl)iaziiu| 
Tlio methods and techniques used are fully described anf 
are satisfactory. A useful list of references is appended 
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ORIGINAL ARTICLES 

.MUI/riPLiCATlON OF B. ANTHRACIS, CL. OUAUVUEl AND PASTHUMLLA 
' IN ANIMAL CARCASES WITPI A NOTE ON THJfi BATE OE COOJMNO 01'’ 

CAKCASBS 

Bv F. C. Mjnett, Imperial Votermary Research Itistitute, Mukfct'swar 
(ileceived for publication on 27 Ootobei- 1944) 

(With two text-figures) 


A PROBLEM of iDiportaiice in epizootiologyi 
, 0 , specially in hot comitries, is the degree and 

[• duratioLi of the iiifeotivity of carcases of animals 
J dead of disease. This is particularly so with such 
’ <' 0 ininouly occurring and acute diseases as anthrax, 
black([uarter, haemorrhagic septicaemia where 
ihe organisms are both numerous and widely 
distributed in the body of the animal at the time 
of death. In siicii cases not only has contamina'* 
Qon of the immediate surroundings by body 
discharges to be considered, but there is also the 
more widespread distribution of infective material 
by carrion feeders. At the same times there are 
a number of questions which should be answered 
if our knowledge is to be precise. We should 
have some idea not only of the extent of infectivity 
of the body at the time of death but also whether 
pathogenic bacteria, such as those of the diseases 
mentioned, actually multiply within the body 
after death particularly during the first few hours ; 
if so to what extent, and what is the influence of 
environmental conditions such as atmospheric 
^ temperature. The effect of air temperature on 
rate of heat loss from bodies after death may be 
important in this connection and a note on this 
matter i.s included. With an organism producing 
early and sudden death in a highly susceptible 
animal, such as happens with a virulent strain 
of PantcKreUa in a rabbit, cessation of raultiplica- 
i tion. of the organism would not be expected to 
\ coincide with the moment of tleatli. With anthrax, 
(lie same may be tru^ unless the bacilli appear 
in the oirciilatiog blood mainly as a result of 
, iuull ijilication in internal organs. In tlie case of 
j I* lilaektiuarter, where at least some of the bacteria 
. sporulate in the living animal, it is commonly 
’ belie x'ed that young vegetative orgaiiisnt?! continue 
^ to multiply tor some little time after death especial- 
ly in the liver, and so further increase the number 
•; of spores available for infecting pasture land and 
I water supplies. 


To throw more precise light on such questions 
as these, some experiments were carried out with 
Pash septica in rabbits, B, anthmeis in mice; 
guinea-pigs and goats, and CL c/txiuvoei in guinea- 
pigs and pheep. In practice, it may be somewhat 
ai’diioiis to obtain the desired infoi’ination, .since 
it involves being present at the moment of dealh, 
which is fretpiently at night, in order lo removis 
tissues for immetliafce ii.sc or for transfer lo iet; 
until they can be dealt with. 

Metmod.s 

Culhiiral 

Bone-marrow was u.sually cm]>loye<l for estimat- 
ing the variations in bacterial count which might 
occur in the carca.se.S'of animals dead of pasteure)- 
losis, anthrax and blaekquarter, .since iJiis (issue 
is easily obtained and can be madi* into a toie.rabiy 
smooth suspen.sion. Moreover, fJie marrow re- 
mains for a long time free from contiiniiiiating 
organisms. A femur wa,s removed ami the Itoiw' 
cautiously cracked with a hammer. Willi sJiei'p 
and goats, the red marrow at the jiroximal end of 
the cavity wa.s .selected, 2 or J) gm. being reniovsui 
to a sterile tube for accurate weighing. In order' 
to reduce- the .sa.m]din,g error, appro,vima,ielv lli<> 
.same amount was (akeii in eon.soeut ive (e.sts 
oil the .same aninuiL Witli rabbits and guinea- 
pigs, at finst a similar tcehnitpie was followed and 
a.« much marrow as })o,ssihle (about O-O to 0*1 
gm.) removed for weighing; la(.(er]y with guimm- 
pigs, weighing Was di.spenseil with, a.s luiich nuirrow 
as possible being first removed and the rmnaiiKh'r 
then collected by Ihorougli washing with saliiM'.. 

' After weighing, .sterile .saml was added, the, 
mixture thoroughly ground a.iul diluent, gradually 
added with (iontinued grinding uji lo a detluite 
weight volume. From tliis, .serial ((m-foM dilutions 
were prepared by transferring :b0 e.e. amounts 
to .IS’O c.c. diluent. In the ca.se of iiasti'urelt.sir.. 
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Hinger fluid was used as diluent, 1*0 c.c. amolmts 
of each serial sus]jeusioii being put into each of 
five plates, then eight drops of sterile heated ox 
serum and iO c.c. agar at 48°C'. With anthrax 
and blackqiuu’ter distilled water or saline was 
the diluent ; with the former, three or five poured 
agar plates and with the latter five tubes of 
Robertson’s meat-liver medium were sown from 
each serial dilution. In the early experiments 
a single, tube of meat-liver medium was used for 
each dilution, (The value of this type of medimii 
for supporting the growth of very small numbers 
of Cl. chmwod has been shown by Haslain [1920]. 
The medium was always made up in the same 
way and usually by the same assistant. Liver 
brotJi containing about 2*0 per cent sheep serum, 
incubated for three days in an. anaerobic jar, is 
also good, growth appearing at the bottom beneath 
the clear broth. The medium, however, is not 
quite so good and certainly not so convenient as 
the meat-liver medium.) When it was desired 
to know if or to what extent the oj-ganisms had 
sporiilated, a portion of the first dilution from the 
original suspension was heated at 70°C. for 30 
minutes. 

Counts for Pasteurclla were made after 48 hours 
at 37°C., deep colonies by tliat time being elliptical 
and whitish and surface ones circular smooth and 
with a bluish tint. .Intlirax colonies were 
counted after 24 hours iucuhation by which time 
tliey are weIl-develo])ed and of characteristic 
appearance. Both with Pasfeurella and anthrax, 
plates showing some 100-400 colonies were .selected 
when possible and the counts averaged. Wide 
discrepancies in count.s on plates imule froin the, 
same dilutions were uncommon and when ])resent 
the experiment was rejected. The growth of 
Cl. chmwoei is indicated by gas production and a 
change in the colour of the meat particles from 
brown to reddish. Gas production appears to ])e 
a particularly reliable index. The final tubes 
showing growth were carefully noted after 48 
and again after 72 hours incuhatioii. Since 
BA’udates and sus]>on,si(>ns of fresh bone marrow 
from sheep and goats tend to clot, the original 
diltitiun was usually made up in distilled water 
or saline containing l-O })ei- (*enl sodium citrate. 
.HSveiy endeavour was made to follow the same 
technif[ue in dealing with tissues renutved from 
tlic same carcase owing to the jie.cessity of getting 
comparable results, (ug. with musc.iilar tissue 
.from anthrax (-arcases the same muscle from the 
two hind limbs was used. 


When tissues, other than bone marrow', or y 
exudates were cultured, the procedure was the 
same in principle. In the case of muscle, frag- 
ments totalling 3-0 gin. in y'eight ami as free as 
possible from macroscopically visible blood vessels 
were taken, finely minced in a mortar, very 
thoroughly ground ^yith sand, distilled water 
added gradually up to 18 c.c. with continued 
grinding ; after a few moments of settling tlie 
fluid was poured off, the residue again ground, 
further 9 c.c. water added as before and. then 
mixed with the 18 c.c. 

While the identification of Pasle/urelh and. 
anthrax colonies presents no difficulty, this is 
not so with Cl. chauvoei. It is necessary there- 
fore that organisms growing within the carcase 
and assumed to be those of blackqiiarter should 
he properly identifled. This was done in many 
cS'Ses i.>y cultural and immunity tests. For 
cultural recognition, blood agar slants were 
seeded in series starting with a loopful of meat- 
liver culture of the suspected organism, whie.h 
was known to be free from aerobic contamination. 

The slants w^ere incubated for 24 hours in fin 
anaerobic jar and were then examined under 
a hand lens. Colonies of Cl. chauvoei are small 
and flattened, have entire edges and smooth 
surfaces and on the thinner parts of the slant 
can be seen to have haemol)T,ed the blood. For 
immunity tests, guinea-pigs were used which 
had received intramuscularly at about fort- 
nightly intervals increasing numbers of black- 
quarter spores. After withstanding four or five 
such injections of spores, the guinea-pigs were ’’Ci 
able to support a subcutaneous injection of 0*3 
c.c. meat-liver culture, 0*2 c.c. 5 per cent calcium 
chloride, mixed with saline up to 1*0 c.c. Three 
iveeks or ,so after this injection the guinea-pigs 
are ready for use. (A safer method of immuniza- 
tion is to begin with formalinized ' meat-liver 
culture. To a paper-filtered three-day culture 
formalin at six. parts per thousand is added and 
allmved to act for 24 liours at 37°C. 1*0 c.c. of 

the vaccine subcutaneously is followed 14 days 
later by a similar injection of 3*0 c.c.) For . 
identification of a culture, one immune and «3ne 
hea]th_y guinea-pig are given siibciitaneonsly 
meat-liver culture of the organism in question 
mixed with calcium cliloriik* in the quantiti(KS 
just mentioned. If tlio cnlturo is erne of CL 
dumimC the healthy guinea-j>ig should die witliin 
two or three days with the characteristic lesions, | 
while the immune should sliow nothing more than 
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a slight lofal reaction. Tests shoAml that meat- 
liver cultures of Cl. V'Cchii and 07. scptimni 
were fatal in the above conditions to Cl. chamoe.i- 
iinmune guinea-pigs. 

Mieroscopiml 

\A'ith anthrax and hlackfjuarter, in order to- 
clieck the cultural results, films (standard loopful 
over one sq. cm. surface) and .sections of similar 
thickness were prepared and stained by methylene 
blue for dii-ect counting from tissues of animals 
innnediately after death and again after the lapse 
of .some hoiir.s. With hhu^kqiiart.er the films were 
from hone majTOW (guinea-pigs) and the .sections 
from liver (guinea-pigs and .sheep). With anthrax, 
bone maiTow films were unsuitable but .satisfactory 
re.sults were (obtained with films from the heart- 
blood of mice, taken first from one side of the hea-rt 
and then from the otiier. Between the lir.st and 
.second examination, tlie carea.se was .stitched up. 

/. Past, ^eptic.a 

The .strain in use was gi^'en to me by Mr V. R. 
Rajagopalan, and had been isolate<l from a bovine 
animal in 1939, By storage on l)lood agar under 


paraffin, it had retained a high virulence for the 
rabbit, 1-0 c.c. 24-hour broth culture at dilution 
of lO'-i subcutaneously killing 14-23 hours later. 
Death would occur with great suddenness, animals 
apparently well except foi- a little tlullness. would 
fall on their sides, scream and die after a few 
.struggles. The average iuiml)er of FttsfeiireJIa 
colonies, developing fi-oni 1-0 c.c. bone-marrow 
smspension at dilution of 10-’ or 10'*’' at various 
times after death is shown in Table I. The 
unopened carcases wei'e stored in a room at tem- 
perature maintained between 60 and 70°F. 

The results indicate that within six hours after 
death the organism multiplies in the bone marrow. 
The count then remains stationary up to 48 
hours or so, after which the nnmber.s usually start 
to decline. They are still numerous, however, 
and in pure culture in the marrow as long as eiglit 
days after death. At the period oi’ maximal 
growtli the ineaii number of living organisms per 
gm. lione marrow for 15 rablhts was 2] 81. 
millions (range 306-6840, S.D. 1866), In a buffalo 
calf dying less than 24]iours after inoculation witli 
Pasieurella the count wa.s 1467 niillions ])er gm. 
of marrow , 
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2. i>', fl;v/7/7'(K-/*‘. 

(HiUund 

IVii ^t.ais, iriostly frorji oilio.r axperanoiii-ss, inid 
l i i^uiiiea-piys Wi^iv u.seid. With the goahs, the 
Imie (it' (leath after subcutaueoiis inoculation 
of appi-oxiniately th{( same amount of cultrire 
was 81-85 hours (average ^19). Within the hour 
after death one femur was removed and the mar- 
row cultured at once, tlie carcase was then placed 
ifi a, room at air temperature usually between 00 
and 70°F. for 6-24 hours when marrow from the 
other femur was similarly cultured. In some 
cases muscle was examined. Whth some of the 
guinea-pigs the procedure was rather different ; 
both hind legs were removed, one was ]mt in the 
cold and the other at a higher temperature, usually 
90®F, After 8 or 24 or nior<^ hours the nuirrow of 
each was (uiltured. lu order to reduce the chance 
of liaenunnhage at the time of amjiutation the 
operation was not jjerformed for an hour or two 
after death atid ligatures \cere first applied to 
the upper parts of the limbs. In all this wurlc 
in spite of every care the results Avere erratic, 
most probably because the organism grows in 
threads and colonies do not develop from single 
organisms. It is, therefore, unneces.sary to give 
detailed results. 

Mkroscopiml 

Since cultural examination gave indecisive 
results, direct count was attempted of bacilli 
and chains in the heart-blood of mice and guinea- 
pigs immediately after death and after 6-12 
hours storage of the caroa.se at 90°F. While in 
the case of mice dying early, viz. within 24 hours 
of inoculation, the chains had roughly doubled 
in length during six hours at 90°F. ; similar evidence 
could not be obtained with guinea-pig.s. The 
results as a whole indicate that multiplication of 
the anthrax bacillus after death is ]iot a constant 
feature. 

S, Cl. chmwoei 

The guinea-pigs and sheep, used for the ex]3eri- 
inente, were inoculated intramuscularly in the 
thigh with spore suspension or meat-liver culture, 
with or without calcium chloride. In most cases 
the sheep carcases were left in a shed at pre- 
vailing air tenii)erature, while guinea-pig carcaso.s 
were .stored at 28“ or 30“C.. i.he alimentary canal 
in some cases being removed immediately after 
deatli, 


CkiUural remiUs 

Preliminary experimeni.s on 17 guinea-pigs 
indicated that : 

(1) At tbe time of death, tinle.s.s tlii.s l.s unduly 

(folayed, the blackcjuarb'r organisms 
[)re.sent in the blood, .spleen a,nd bone- 
nnirrow are in the vegetative forjn. In 
animals wliich had been dead some 
lionns, e.g. dui'ing the previon.s night, 
s}')oreH might alrencl}?' have formed 
in the bone-maiTow. 

(2) At the time of death mo.st of the black- 

([uaj'ter organi.sms present in the local 
exuda.te are in the form of spores, and 
cailtures from the exudate are not 
infrequently contaminated with aerobes, 

(H) In carcases ke])t for 24-72 hours at 30“C., 
blackquarter bacilli in blood, spleen 
and bone-marj'ow a])pea.red to liave 
multiplied and at least .some of tjiem..,,j 
had .s]K>rulated. One ca.]“ca.se was put 
into ice immediately after death aufl 
kept there for 44 hours when no 
multiplication was noted in the hoiie- 
marrow. A companion gninea-pig put 
at 28°C. showed multiplication in this 
tissue. Multiplication in the bone- 
marrow may proceed slowly up to at 
least the third day. The organism 
also sporulates readily at 30“C. in blood 
taken immediately after death and 
allowed to clot under va.seline, Ly.si.s 
of the blood and gas production ' 
beneath the .seal inclicate.s multiplica- 
tion [Hanna, 1897]. 

(4) In three of the animals it wa.s proved by 
immunity tests that the organisms 
isolated from the blood after storage 
of the carcase were blackquarter 
bacilli. 

Observations of a similar n.a,ture were made in 
17 sheep. While in sheej), ns in guinea.- -.ligs, 
blackquarter organism.s in the l.ionc.-maiTow at 
the time of death are usiKtUy in the vegetative 
form, .some of them may hav(' undergone spornla- 1" 
tion as early as three or four imui's after dc-atli. 
In two sheep, v(\get.ative organisms alone v/ei'e 
present in the bone-marrow .six hours after d( ith, 
wheiyas in both case.s 22 hours after death, tlu' 
organisms had s])ornlated. In sheep cart ises 
left at the prevailing air tenqierature, multi] ica,- 
tion of this organism followed ])y STKinihtion 
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appeared to take place in heart -blood clot and in 
bone-marrow, Tii many easet?, ment-liver culiaires 
oTown from the final dilntion of the series sown 
from tissues taken after storage of the carcase 
were identified as those of blackqnarter. In 
the lot-al lesion at the time of death, most of the 
C)rga,ni,sms have already sporulated. If fresh 
ex u< late, to which citrate has been added, is 
incxibated under a good vaseline seal for hS hours 
at 28®C., imilti])lication of the blackqnarter 
organism may at times be observed. 

In the above experiments only one tube of meat- 
liver medium was inoculated from each serial 
dilution of the tissue but the results were consistent 
and indicated substantial increase in the number 
(»f oi'ganisms on storage. To give an idea of the 
richness in bacteria of tissues and fluids from 
animals dead (xf blackqnarter, it may be said that 
growth in meat-liver medium was commonly 
obtained from amounts of material as small as 
the following : 


Fresh Leai't-lilood (guinea-pig) 

Fresh heart-bloucl (slieep) 

Fresh bone-raarroxx' (sheep) 

Fresh local lesion exudate (sheep) . 
Fresh muscle lesion (shee})) 
f'llood fi'om guinea-pig heait after 
storage of eareaso for 24 liours at 

3o°cj; . . , , 

Bone-marrov. front sheep after 
storage of carca-ie for 4S hours 


()-ti002 to 0*00005 gm. 
0*0002 gm, 

()*d002 to 0-00001 gm. 
0* 000002 gm. 
n-OOQOOOl gm. 


0-000004 gm. 
0-0000002 gm. 


The results of a final series of experiments oii 
bone-marrow from sheep carcases are shown in 
Table II . In these, five tubes of meat-liver 
medium were sown from each serial dilution of 
suspension covering the expected end point, 1-0 
o.c. amounts being added to the culture tubes, 
and the probable numbers of organisms present 
in the original tissue suspension being computed 
from tables given by Halvorson and Ziegler [1933]. 
It appears that (1) the number of organisms 
jjresent in the bone-marrow at the time of death 
varies considerably, (2) of the eleven cases — 
excluding sbeep 318, the carcase of which was 
kc-ixt near freezing point — there was a quite definite 
increase in. the numbers of organisn's after death 
in eight eases, a slight increase in one and a reduc- 
tion in two. In one of the latter (sheep 116), 
uol only laid the numbers fallen in the bone-marrow 
but no sposulation had occurred. In the sheep 
also, wliere slight inca-ease only had occurred 
'(No. 307), no sporulatioii had occurred in the bone- 
marrow. This sheep was killed when near death. 
Hlie.ep 3 IS and 33G formed a pair, the carcase of 


the first being placed at 35°F. and the latter at 
70°F. Air temperatures wliere not shown were 
probably around C)0°F. (3) tiie increase tlioiigh 
definite, varied greatly in extent. In five cases 
the increases were from 50- to 230-fold. 

An estimate of the numbtu' of spores in the mu.scle 
lesion of a freshly-dead sheep gave a figure of 
9 millions per gm,, undoubtedly an nnderestimate. 
In one case a well-developed muscle ‘ tumour * 
and fluid exudihg therefrom were (‘ollected 
from a freshly-dead sheep and found to weigh 
1,254 gm. (muscle 697, exudate 557) a figure which 
will perhaps give some idea of tbe potentkil 
infectivity of such a carcase. 

Microscopiml 

Multiplication of the organism can also be 
readily shown by direct count, AVitli two guinea- 
pigs dead 24 hours after injection of inilturc mixed 
with calcium chloride, films of Ixoiie-marrow were 
made immediately after or within 15 minutes after 
death from one femur and .similar films from the 
femur after the carcases had lain for six hours at 
90°F. At the same time, pieces of liver were 
transferred to formalin for sections. With the 
films, the organisms present in 50 fields at random 
were counted and with the sections the numbers 
in 100 fields. The results were : 


Guinea-pig 1 films . 
Guinea-pig I sectionn 


Guinea-pig 2 films . 


Guinea-pig 2 .sections 


In the fii-hli ti-.siu‘ 0-4 organ- 
i.sm.s ]jer field and in the 

sfored tis.sne 7'l(i. 

. In the fresh tissue ()-()03 organ- 
hin.s per field and in the 

stored ti.ssue 4-98. 

In the fresh tis.siie 0-78 organ- 
isms per field and in the 

stored tissue S-f. 

In the fresh tissue 0-072 organ- 
isms per field and in the 

.stored ttssiio 1,5-72. 


With a sheep, 15 minutes after death from black- 
quarter a piece of liver was removed to formalin 
and the carcase then stitched up and left for 
six hours at 70-80°F., when another piece of liver 
was removed. The counts (100 field.s) were, 
in the fresh tissue, 0-52 organisms per field and 
in the stored tissue 9-86. 


Rate of cooling of carca.siiis 


' l am unaware of any data on this subject in the 
case of animals. Since the rate of coolixxg may 
have a bearing on the multiplication exf pathogenic 
as well as of putrefactive organisms in the body 
after death, some ob.servations were made.. Soon 
after the animal had expired, a small incision was 
made in the abdominal wall near the fia,nk and 
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Table TI 

01. chauvoei in bone-marrow of sheep 




Air temperature (‘'S’.) 


lloiira after death 

49..5.3 


53.60 




51-57 

61-65 

70 

35 


55-60 


183 

100 

.307 

I 

143 

Sheep n 
74 
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17 

199 

1 , 84: . 

336 

318 

228 

116 

. . .0 

2-31 


4*93 

7-0 
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Estimated num hern of organisms in 1-0 c.c. of the original tissue suspension are given in tlioiuiinda. The 
original suspension was prepared at 1-0 gm. to 9-7 c.c. citrated saline, except in one case (sheep 17) 
where by mistake it was 1-0 gni. to 16'0 c.c. 

T?ive meatdiver tubes were sown from -each -serial dilution of the suspension. 


a minimum thermometer inserted so that its 
bulb lay on the surface of the liver near the diaphra- 
gm. In some cases the temperature in the depth 
of the muscles at the back of the thigh was also 
registered. At intervals from one hour onwards 
the thermometer was withdrawn until the top 
of the rider was just visible and then replaced. 


At the same time, the dry and vvet-bulh tcnnpera- 
tures of the air beside the caivux.se were recorded. 
Observations were made on rabl)its, sheep, hill- 
bulls, a goat and a buffalo, as represouting miinials 
of different sizes, under varying atmospheric con- 
ditions. The results are shown in Table HI and 
are also represented gra})hica]ly in Figs, I and 2. 
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Table HI 


Tamperaiures (°F.) within tarmse.^ 


Hours 

after 

death 

Site 

Rabbite 




Sheep 




Hill-hulls 

BuiTalo’^ 

Gnat® 

1 

2 

] 

2 

3 

4* 

5* 
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1 
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Rabhit J died of})asteui'('lIoKis 7,20 P.M. Aug. 12. 

Rabbit 2 died <if paateurellosis 1,15 P.M. Aug. 13. 

.Shei'p 1 \vt. 33 lb. Died -1. 30 l\M. July 27. Body wasted. 

Shoe]) 2 wl. 45 11). Died of riiid(M’i)eat. 3.U) P.M, Aug. 5. 

Sheep 3 wt. .30 lb. Killed by .stiuiiiiug 3 A.M. Aug. 8, Body wsis ted. 

Siieep 4 died at 12 uoou on .Mareh 25. ■ a " 

Sheep 5 died of expl. B.Q. at 0.30 A.M. on iMay 22. 

Sheep (i died of expl, H.(^, at 5.30 A.M. Dec, 15. Iinmodiately after carcase put on a verandali (air temp, 34-l?b"P.) aix feus 
from falling snow. 

Sheeji 7 di('d ofexpl. at 1 2. 10 P.iM. Dee, 15. Iminediatoly after, earease put in small room at 70" F. 

Sheep S died of expl. B.Q, at 1 P.M. Doc. 1(1. Immediately after, cai’case was laid on snow, 
liill-biill 1 ehloroformed when moribund from pneumopia at JO-,30 A.M. vSe.pt. 12. 

Hill-buil 2 diedof rindorpe.st at 10-15 A.M. Apr. 10, 

BnlTalo died of rinilerpest at -i-oO P.M. !\lay 12. 

(h'itt died at 10 A.M. March .30. Lbitil the 23rd hour earcase Ava.s kept hi a small gydown since the sky was cloudy: 
frujn hour.s 23 to 30 there was sun, so carcase wa.s placed outside on the ground, W’ith projecting part of the minimum 
tberinoniotcr covered; body .surface became very hot. 

* yliservations at Jzakiagar ; otherw'iEe at Mukte«war, 
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Tablii [II and Fijis. 1 and 2 show the rate of 
ch'cline of toinjan’aturo ujider different condi- 
tions. It, i.s seen that at 61-65'^F. small carcases, 
vh. of rabbits take about 12 hours to cool to air 
tempera tur(,‘ ; at the same temperature larger 
carcases, viz. of goals and sheep take about 21 
hours. At higher air temperatures, e.g. 88"F., 
ibey cool more slowly taking about 18 hours, 
r while at. tcmiperatures not far above freezing 
})oint about 40 hours elapse. Cooling is a.-hvays 
must rapid in the first six hours or so.-^The effect 
of air temperature is seen by <;omparing the 
hill-biills in Fig. 2. and sheep G and 7 in Fig. 1. 
When the. shade temperature rises after tlie body 
has cooled, the 1)o(ly temperature again starts 
to rise, t.'arcases exposed to the sun can become 
very hut (Fig. 2). The times stated arc for a 
small number of caireases and, it must be emphasiz- 
ed. Kilate to a well- protected area, in tlie centre of 
the l,)ody ; peripheral parts will of course cool 
more quickly. 

Discussion 

JluUiplieafion of pathogenic orgammis in 
carcaHeH. Minett and Dhanda [1941] were unable 
to show that anthrax or blackquarter bacteria 
multiply in soil or in water. Tlie extent of multi- 
plication in the tissues after death was a matter 
for fuT'thcr enquiry. This subject has some special 
importance in India where the warm climate 
fa\ours retention of body heat in the freshly-dead 
animal. Tliis (dearly has the effect in the case 
of bhudopiarter of promoting bacterial multi- 
plication and early sponilation. Since it must 
freqinmtly hajifieu that some hours elapse before 
carcases are disturbed by carrion feeders, larger 
numbers of bacteria (such as, Clostridia. PasteureUa) 
will be available for distribution than would 
otherwise bo the case. The time of day at which 
(h'ath occurs will also obviously be of consequence. 
^^'ith auviirax. multiplication of bacilli in the 
carcasi' was not proved t(3 occur, wdiile on the 
other hand a higher temperature wdll presumabty 
fa sour their more rapid disintegration. Like- 
wise. Xunokawa [191tl], although his work was 
mainly eoneerned witli another problem, mentions 
that no substantial midtiplieation of the anthrax 
bacillus could be detected in the dead bodies of 
small laboratory animals at 37°C. 

Xo data of a quantitative nature bearing on 
the subject have ])een seen in the literature, 
though some observations relating to , black- 
quarter are available. In two papers by Foth 


[1909, 1910] blackquartcM’ is consideriid, mainly 
from the standpoint of differential diagnosis 
from other diseases of (.rattle due to Ulo4ridia. 
He reported incidental observations pointing 
to growth of the organi.sm. in tin.-; dead body. Thus 
with guinea-pigs smears of liver, spleen and kidney 
fro.Tn tlie freshly-dead animal sIioav only a few 
single rods. After the carcases have lain at room 
temperature for six hours they are more Humorous. 
At the warmer time of the yea r there is an abundant 
increase, thougli not (njually so in all organs and 
fluids. For this reason, blackquarter carcases 
undergo putrefaction more slowly, the apparent 
putrefaction, being due to the gas-forming property 
of the. blackquarter organism. In the liver 
and other organs and the blood the organism 
sporulates very quickly, especially in the wanner 
season. Warringsholz and Raszfeld [1924] give 
a good description of the post-mortem change-s 
occiiiTing in the liver of cattle in blackquarter. 
Shortly after death the organ is brown-red, 
blood-rich and soft ; some hours later, the liver 
is dry and contains grey porous pea-sized foci. 
By 24 hours affK?r death these foci are 
the size of walnuts or larger, have an ochre 
tint and a foam-like porous structure. Still 
later, the whole organ is foamy. Cohrs [1927], 
dealing with the histology of the liver of cattle 
dead of blackquarter, states that since the frothy 
condition of tlie liver is due to gas production 
by the organism, some multiplication in that 
organ must take placje. He points out that 
temperature conditions in the slowly-cooling, 
bodies of large animals a, re favourable for growth 
of the bacteria, especially m the liver and kidney 
wliioh are well-protected. There can, therefore, 
be little doubt that in the case of blackquarter 
multiplication takes place after death and 
prior to sporulatioii, and the object of work 
reported in this paper has been to attempt some 
quantitative expression of the occurrence. No 
doubt, the results wdth sheep will apply a fortiori 
to cattle. One point concerns the duration of 
the illness. As pointed out by various observers, 
blackquarter is a septicaemic condition. Leclaiti- 
che. & Valloe [1900] state that, if animals die 
quickly from this disease, sponilation may not 
have occurred. This is certainly true of ex- 
perimental blackquarter in sheep and guinea- 
pigs, so far as the blood is concerned. It may 
further be remarked that these animals often 
do not die suddenly but are moribund for several 
hours, a fact which probably influences the state. 
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MtdlijMmi.ion of B. antlimeis, etc. 


ol' the Ijrtc-U'riuu! in. tlin hluod and inl-emal 
organs. 

It iniglit be (iionglit that earty post-morteui 
invasion ])y })utrelac-tivc. organisms would inliibit 
rlie growth of patiiogenio organisms in the Garoase. 
Thus, with guinea-pigs dead o f blackqiiarter 
Leciaiuche & Valleo. [1900] found that the organs 
were rapidly invarlcd by CA. sefticum. That 
has not been experienced in this work, where 
the only trouble w’'as tlie occasional develop- 
ment in the tissues of B. suhtMis. As regards 
anaerobic contaiuiiiation, iny experience agrees 
with that of Becker [1922] who Itmiid that guinea- 
pigs, killed from causes other than the injection 
of anaerobes and kept below 23°C. for less than 
24 hours, show no anaerobic bacteria in the 
subcutaneous tissues, serous cavities or blood. 
Nevertheless, it is obviously necessary . to make 
a ])roper identification of anaerobes found in 
carcases which have beoji stored in a warm atmos- 
phere. 

Bod}j-coolin(j after death. A freshly-dead body 
may be likened to a katathermometer. In 
medical jurisprudence the rate of cooling gives 
a clue to the time of deatli and is stated to be 
idinost proportional to the difTerence between 
the temperature of the body and that of the 
surrounding air. The rate in man is commonly 
put at 4'^F., dining the first three hours and 
each hour afterwards. Brend [1934] gives 2° 
or 3° F. per hour for the fii'st five hours, then 
1‘^F. per hour. Hiuvever, tliese are rough 
approximations bcGau.so the rate of coolijig 
is influenced liy a number of factors, such as, 
{a) age — the bodies of middle-aged persons cool 
more slowly than tho.se of infants and old people, 
{h) bodily condition — fat and \?ell-noiirished 
■subjects retain heat longer than the lean and 
weakly, (c) manner of deatli — more rapid cooling 
in death from haemorrhage, starvation and 
chronic wasting than following fever or in .sudden 
death of a previously healthy person, (d) sur- 
roundings of the body — .space and temperature 
of air around the body, (e) body coverings, (/) 
surface on wdiicb the l3ody is lying (bed, stone 
floor), {(j) more rapid cooling in w^ater than in 
air [Modi, 1920]. The period rec|uired for the 
internal temperature of a corpse to reach that 
of the air is given as 8-10 hours by Lyon [1928] 
for temperate countries, while Modi puts it at 
15-20 hours. The period will tend to be shorter 
in India, In a general wa}' the above facts 
will also be applicable to animall From the 


few measurements made, it seems that at air 
temperatures between 60'-" and 70'’ F. small 
carcases lo,se heat by as much as 14"’’F. in the 
first hour and 3-3-5°F. per hour during tlic next 
five hours. 'With larger carcases (shec])) the 
rate of loss wms found to be 4°F. in the first hour, 
1'7-2'0''^F. hourly iu the next .live hoiu-.s am! 
0*8-l-l°F. hourly during the succeeding 18 
hours. 

Summary 

. 1, In the case of PasteureUa and Cl. chaiivocu 

the organi.sms continue to multiply in the body 
for some lioitr.s after death. Some quantitatiim 
data to this effect are provided, based on cultural 
examinatiou of tissues removed innnediately 
after death and again niter the carcase h<i.<} been 
stored at air temperatures of <;b-70°F. or above. 

The tissue mostly used was bomMiiarrowu since 
it can be easily iminipulated. \\htli 
quarter, the iniaro.scajucal examination of .suefr"'^'’ 
materials agrees wfitli the cultural finding.*^. 

2. With blackquarter , in .sheep ami gnim-.a- 
p.igs, at the time of death the organisms outside 
the lesion of inoculation are usually in the vege- 
tative state. After some iiicrease in tuiiubcrs 
— -of variable degree but .sometimes 50- t<j 23U-fold 
—they .sporulate. If deatli is delayed, .some 
may have already sjiorulateci before death, fi'hc 
fre.sh local lesion, contains eiiormuu.s numbers 
of spore.s ; a cnlturc may tlevelop from an amount 
estimated at O'OOOOOUi gm. 

3. With acute pasteurellosis in rabbits the ■^5 
organisms continno to multiply in the bone- 
marrow during the first six hours, aftej' which 
their numbers appear to remain slatiomu'y up 

to about 48 hours when they begin to decline. 

At the peak, the numbers may run to over 2, 009 
million per gm. 

4. With anthrax, cultural results w-ere erratic 
and there was no evidence that post-mortem 
multiplication is a constant feature. 

5. Multiplication of ])athogeiiic liacteria in 
the carcase is no doubt favoured by a, warnan- 
atmo-spliere, since body cooling will be retarded. ■9. 
Some data on the rate of cooling ol‘ eare.aso.s of 

: dilferent sizes are provided, 
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m'li BLOOD-GEOl'P TI);BNTIFICATI0NS of V.'VIliOlTB INDIAN BEEKDS 
OF CATTLE IN INDIA 

BAiAYAN'r Six(!ir, G. P. V. C., Imperial Ve.terinary Resoarc'.h Institute, Izattiagar 

{Reoeived for publication on 4 Deeember lOlfl) 

(With Plate IV and two text-iigiircfi) 


Since the inception oi‘ organized tliouglit, it 
^ lias been known that no two individuals are alike ; 
lienee have originated the systems of classification 
based on these difference.s. Morphological charac- 
teristics Jiave formed the basi.s for classification 
into groups of similar animals or species, and in 
each species the clififefences of les>ser degree, such 
as body contour and other qualities, have brought 
further subdivisions into breeds. The problem 
; of the identification of various breeds of Indian 
cattle has recently been receiving much attention 
[Olver, 1938 ; Ware, 1939, 1941]. Ware recog- 
nizes 28 l)reeds of Indian cattle belonging to five 
main groups. This classification, as with other 
* animals, has been carried out on the basis of mor- 
phological characteiistics alone. The work detail- 
ed in this and a previous article [Singh, 1942] 
represents an attempt to approach the problem 
from another angle and to supplement the 
morphological findings by serological features with 
the special object of elucidating the origin and 
evolutionary relationsliip of the breeds. 

The group classification of Indian cattle has 
been provisionally fixed after Little [1929] on 
‘ ‘ an inte)‘natioiuil })asis with certain modifications, 
as follows : 

Group i (International 0). Serum agglutinative, 
cells not agglufinable ; that, i.s, ceils with 0 isogen 
and ah isonin. 

Grou]) 2 (International A and B mixed). 
Serum agglutinativv, cells agghitinable ; that is 
<‘.ells wdtli A Lsogon and B isonin or cells with B 
Isogon and A isonin. 

Group o (International AB), Serum not 


agglutinative, cells aggJntinablo ; that is cells 
with isogen 0 or AB and serum without isouins. 

Group 4 (Negative or N). Serum not agglu- 
tinative, cells not agghitinable. (In this group 
are included all cattle that have shown no reaction 
with the present method of testing.) 

In the previous article [Singli, 1942] some 
account was given of attempts that have been 
made to define, the blood-groups of domesticated 
animals. In this paper a fev -examples are given 
to show how by blood-grouping the origin of cer- 
tain races of mankind may be discovered. 

Parr [1929] provides data by which Armenians, 
Arabic Muslims and Arabic Christians can be 
assigned their racial indices. Goodner: [1930] 
in tests on 223 pure Mayas and 202 Mayas with 
mixed Spanish blood in Mexico found practically 
all of the former to belong to group 0, and in this 
way was able to differentiate pure Mayas from 
those of mixed blood. Shanklin [1935] found 
Kwala Arabs to have a high percentage of group 
0, and on this account he suggests that these 
Arabs are related to American Indians, who have 
a similar blood-grou])iug. Postmiis [1934] found 
that type N was more frequent among the indi- 
genous people in Netlierland Indies than among 
Europeans.^ Edward el aL [1941] studied the 
racial distribution of hlond-gronps among Papags 
Indians in Anzona (U.B.A.). Out of 600 individuals 
exaniined, 93-8 ])er cent were of group 0 while 
only 6*17 per cent were of group A and groups 
AB and B were absent. Tlic authors conclude, 
that a high incidence of group 0 and the absence 
of groups AB and B suggest racial purity. Elsdou- 
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Dew [1939] in a blood grouping expedition in 
East Africa tested individuals of 46 tribes, and 
found groups A and B only. He interprets the 
distribution on the basis of mutation and suggests 
that the Bantu does not descend from the Negro 
but is rather a pure example of tire common stock. 
An Egyptian origin is suggested for Hottentots. 
Thomas [1939] reports on blood-group distri- 
bution in England. Out of 5,000 people, 2,233 
were of group 0, 2,162 of A, 444 of B and 161 of 
AB group. Haldane [1940] studied the blood- 
group frequencies of 75 European population 
groups. A striking variation was discovered 
in the frequencies of A and 0 groups, among the 
peripheral population of Western Europe, there 
being a low proportion of group B in Scandinavia, 
Iceland, Spain, Portugal, Sardinia and the British 
Isles. Populatious with low B are regarded as 
remnants of a primitive European civilization. 
In India, Malone and Laheri [1929] studied three 
types of people, (1) Turko-Iranians, (2) Indo- 
Aryans and (3) Dravidians. They confirm the find- 
ings of Hirsohfeld in concluding that these people 
are characterized by a high incidence of group B. 
The Dravidians are also characterized by a bigli 
incidence of group A. iVlacfarlane [1938] studied 
the blood-group distribution in Bengal. Data 
from lower Bengal show that the frequency of 
groups A and B increases as one passes from higher 
' to lower castes, the highest frequency of group 
0 being found among caste Hindus. Bengalee 
depressed classes have the highest percentage of 
group B so far found in India. Bengalee-Muslim.s 
have a blood-group distribution similar to that 
of their low-class Hindu neighbours. Macfarlane 
[1940] also studied the problem in Baster State 
and found a liigh frequency of grouj)_ B among the 
Bhils, this being regarded as due to in-breeding. 
Almost all the Chenehus of Baster ^State belonged 
to groups p and A and in this respect resemble 
the liill tribes of tlie Western Ghats and the Malyali 
lower castes, so sharing the distinction of being 
the only Indian tribe with more group A than B, 
Sarkar [1940], in 9G tests on certain primitive 
people of India, Huyani nagas (Assam and Bihar), 
showed the predominance of group A over B, 
excepting among the Thado-Kukis, Orevai and 
Chandra [1940] tested Hindus, Muslims and Anglo- 
Indians of Calcutta. A high frequency of groups 
0 and B was found in Hindus and Muslims, where- 
^ as group A was the highest and B the lowest among 
' the Anglo-Indians. Sheshadhari-Nathan and 
Timothy [1942] carried out a similar investi- 


gation in Madras. Group 0 was tlie iiigliesr and : 
B lowest among the Anglo-Indians. Pandit e 
[1934] found a high frequency of group B among 
Todas (Gu indy, Madras). 

The technique used in the blood -groiq^ing tests 
was the same as that described in ihe aidlior’s 
previous article [Singh, 1912]. li consisted of 
mixing in a small tube about four drops sennu 
and an equal aiViount of 2 per cent waslied od 
cell suspension, gently mixing and exposing iln* 
mixture at‘37°C. (dry incubato]-) for 30-()0 mlimtes. 

Cattle of the following breeds were selected 
for study : Kiimauni (hill), Bindhi, G-ir, Bnliiwai, 
Tharparkar, Hariana, Kankrej, Amritmahal. 
Kangayam, Ongole, Dhanni, Afghan and Friesian, 
The distribution and location of these breeds 
can be seen in 3^’ig. 1 from whicli ii is evident that 
they are subject to a wide range of climatic and 
other environmental factors. 

In this work thei’e are three main *sources of 
difficulty: (a) the low and <]uickly deierioratijig'V 
titre of the serum. (This difficully does not arise 
in blood-group work with human sera, winch with 
cold storage can be used for some days), (b) the 
necessity of carrying out the tests at 37"C. an<l 
(c) the number of antigenic components in the 
erythrocytes of cattle. The locution of some of 
the cattle in places where there are special irans- 
port difiTiciiIties was an additional hindranc'e. 
Tfor these reasons the results recorded here are 
not as detailed as might be desired and tlio object 
has rather been to determine certain broad facts 
regarding the Mood affimties. J 

The usuid practice was to bleed 12 animals in " 
the morning, test the 144 combinations of serum 
and cells, and read tlie results the same evening. 
The results largely depended on the particular 
antigenic components present in the ))lood of in- 
dividuals of the group tested on one day. Occa- 
sionally, ceils and serum from an animal found to 
be a good reactor on the previous day wore in- 
cluded, in order to increase the cliam-cs of obtain- 
ing positive reactions. The reason foi' this is that 
a few cattle, giving no reactions with sojrmn and 
cells from one lot of animals, may exhibit liositive ^ 
reactions with isogen or isonin* or with both tliese 
components wlien tested with serum and cells 
from another lot. In this way tlie gi-otip classi- 
fication first recorded had to be altered after a. 
further test, though this was not freijuont. 


* laohaemagglutiniua and iHofaemaprglutinogeus will hn 
termed isonins and isogema, aftoi' ftrevall;/ nl [11)41 ']. 
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Tho. results of the tests will be foand in Tables 
J-V" and ill Fio. 2. 

1. Kiimanni hill caltle. The home of this breed 
is the Kurnaiiii foot-hills of the Himalaya. It 
is one of the smallest breeds of Indian cattle, 
with short horns and a thoracic musculo -fatty 
hum]). The iioll and hiimp are usually covered 
wii.li eoars() liuii's ; the sheath is tight and the legs 
are shoit. thick and bony. The colour is generally 
deep-red oi' jet-black, and an admixture with 


white is regarded a. s indicating crossing with grey 
cattle of the plains. 

The experiments were conducted at IMnkteswar, 
wdiere many pure Kumauni cattle are available. 
The animals were collected from various Kumauni 
hills and may therefore be regarder! as of 
divergent strains. 

In order to differentiate A and B groujis, 2^1 
of the reactors w'ere selected and tlieir isonins 
were cross-tested with their isogens. The results 
are given in Table I. 
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Table I 

Blood-umtqyinii of Kumaun hill (‘Mile on 24 previously mtcling balls 

SERUM EROM HILL BULL 
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liioMilafcioii of isOMfiii fiMil isoiiin of Jot 1 was rlona on 20 July 1042 {iHOKcn isonin fresl)). 

Jnoenlntioii of isoatMi ol' Jot I anil isonin of loJ, II was ilono on 30 JuJy 1942 fisoKen 24 Jionr oJiJ in coJiJ ami isonin fri'sJi). 
luoiMiiation of Loi'eii and isonin of Jot 1 was doncMin 31 July 1942 (iso»t;n isonin fri'sh). 

inocnlation of isogen of lot II and isonin of lot I was done on 1 August 1942 (isOKWi 24 hoiu' old in eoU and isonin tresJi), 
■fhe re-!\ilt of (lie Jests was as before, except that witli Nos. 15. 17 aiuJ 23, tjie grouping was previously recorded as 0- 


According to tire reaction ftiuiicl in t].tese teats, 
13 animals were classified as gj-oiips A and B mixed. 
Of tliese, 12 animals (.! , 2, 3, 5, 6, 7, 8, 12, 17, 20, 21 
and 23) were then selected and their isonins and 
isogens cross-tested. The results, given in Table 
IT, indicate eight aninuds belonging to A group 
and four to B group. 

Tai 5 L,e 11 

Anahjsin of hJomh u'ith. .J (tnd B mixed <jr on pimjH 
fidecled from Table I 
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It is also noticed tha t tlie animals of both groups 
showetl reactions against animals of their res- 
pective groups, thus suggesting the presence of 
sub-groups or serveral antigenic compo- 
nents of cattle cells. The problem was further 
studied by an absorption test conducted in the 
following way. 

' Ecjunl quantities of packed cells from group 
A animals and serum from group B, and vice versa^ 


were well mixed in a tube, left at room tempera tiiro 
for 30 minutes, then at 37 '^C. for an hour and 
finally at room temperature for 30 minutes. 
Since the serum litre was found to be very low. 
the amount of serum was subsequently increased 
to two, four and nine times the volume of packed 
cells. . From this it wa.s found tliat the optimal 
ratio for complete absoi’ption of Jmmologous 
isonins>was 1 : 5. By absorption tests the follow- 
ing distribution of groups was found : 

Groups Hill bulls 

A . 

A, . - 

A. 

A, . . . 

B . . . 

Bx . . . . . . . H, 12. 

B, . . . . . . . 21. 

Thus in Kumauni liill cuttle the ratio of groups 
A to B appears to be as 2 ; 1. 

2. Red Sindhi. The houie of this Ijvccd is the 

province of Sind about Karachi, Idyderabad, the 
coa.stal line and the Indus river banks, including 
the Las Bela areas of Baluchistan. Tlie animals 
are of red or fawn colour, frequently with some 
white on the face and dewlap. They are among 
the best milch type cattle of India and the bullock.s 
are useful for draught. The animals are sliort- 
horned. / 

The tests were made in January and February, 
1942 on 96 cattle (92 cows, 4 bulls) at the Imjjeriul 
Dairy . Institute, Bangalore, where a suitable herd 
of Sindhi cattle is maintained. It is a .self-contain- 
ed herd and the animals are therefore regarded 
as inbred for the purpose of this study. The 
results obtained with this and most of the 
other breeds are given in Table III. 

3. Gir. The home of this l)reed is the Gir forest 
in Junagadh State (Kathiawar), where these cattle 
are found in a pure state. The breed is also spread 
over a large part of Bombay either pure or crossed 
with local cattle. Tlie animals have short horns. 
The colour is generally mottled- red or blac'k ami 
of various shades of tliese colours. In some strains 
the body is mainly ■white witli red or blacdv spots, 
but entire reds and blacks are also met with. 
The cows are generally good milkei’s but the bulls 
are slow and lethargic in work. The Gir is re- 
ported to be the best beef animal in India. 

The blood group investigations -were also carried 
out at the Imperial Dairy Institute, Bangalore, 
where a small herd of these cattle is maintained 
and at the Palace Dairies of Bliavanagar and 
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lilood-Gnmi) Jdentiji canons of inatmi mams 
Table III 



Cowbined fable of ihe .12 Imlkm and Afghan Breeds if CaUlc 







■ . . 

DistriViiit ion of 




(jroupiiw 

No. of 


gron})s 

Xegsli'..- 

Serial 

Nitini- ul lin-ftl 

of Ware 

animals 

0 




Nn. 

(19413 

tested 


A&B 

Mixed 

AB 


. ' 

KuiHftuni (hill) . 

V 

lOS 


40 (37-04) 

07 (()2-or) 

1 (0-il2) 

e 

Similil (red) . . : . . . 

in: 

9« 

30 (.37 i)) 

7{7-3) 

47 (49-0) 

0 ((i-2) 

;} 

.Gir ■' ■ ' :. ■ , 

III 

120 

50 (41-7) 

.-»(t-l) 

60 (41-7) 

16 (12-3) 

•t 

Sakhval . . . ' , . . . ; . 

ni 

117 

67 (48-7) 

, y (2-6) 

;}2 (27-4) 

26 (21-3) 

.T 

Tliar[)tU'l,-ei' . . . . ... 

1 

m 

31 (32-3) 

16 (1.6-6) 

20 (27-1) 

21- (26-0) 

(> 

parijuiir . . . 

n 

132 

16 {12-1) 

4 (3-01 

34 (2.7-8) 

78 (69-1) 

7 

Kaiihroj ... 

I 

120 

27 (22-6) : 

3 (2-.3) 

26 (20-8) 

, 06 (61-2) 

' ' 8 ' 

Amriiiiiidiiil . . . . 

IV 

90 

18 (18-B) 

9 {9-() 

43 (-14-8) 

2() (27-0) 

\) 

.KfOigayaia . . . . 

tv 

100 

24 {24-0) 

3 (:to) 

41 (41 -m 

32 (32-2) . 

m 

Ongole . . . . . 

n 

90 

18 (18-8) 

2 (20) 

21 (2;io) 

.62 (64-0) 

n 

.Dhariiii . . . . 


99 

36 (30-4) 

8(8-1) 

30 (30-4) 

19 (19-1) 

i-j 

Afghan , • ■ 

- 

19 

8(42-1) 

2 (10-6) 

7 (30-9) 

2 (10-6) 

TotaJ . . 

1,199 

321 

101 

132 

346 

Perccut.ige 

20-8 

8-4 

30-0 

28-8 


N.B. Ei^rtirts in lMin.'krts iridicjili* jiiTccntjij^cH. 


Junagadli States, Most of the- aniiiials were farm- 
bred and may therefore be regarded as inbred 
for our ]5iirposea, 

4. SiiJnivaL These are essentially inileli cattle 
and are generally raised in large numbers in the 
dry central and southern areas of the Punjab. 
They are lung, dee}), rather fleshy (iattle, short 
on the leg, com})arative]y lethargic and heavily 
built, with flue skin, especially in ,hea\ 7 ' milking 
strains. The bullocks are not good for draught. 
They are short-horned. The colour is red but 
some are fliin. Investigations were carried out 
at Jahangirabad harm (Multan). The animals 
were inf)stly farm-bred and arc therofiure, regarded 
as inbred. 

T). Tharjjarkcr. The hrnno of these cattle is 
in the arhl. semi-desert tracts of south-west 8ind, 
but they are also bretl in the adjoining Indian 
States of Kutch, Jodh])ore and Jaisalmir. They are 
medium-si zed animals, the cows have good milking 
capacity while the bullocks are good vrorkens. 
They are lyre-Jiorned and have straight limbs 


and hard feet. The colour is entire grey or digiit 
red in young bulls, while in cows and biilloclos 
it is generally lighter grey. The colour teruis to 
become white Avith age. 

The investigations Avere conducted on. a total 
of 96 animals at the Agricultura] CV)lh.'gc Faiau, 
Sakraiid and at the A.gri cultural Farm, Lumlo 
(NaAAnibshali Distt.), Sind. Tlie arii-iuals in those 
farms had been recently purchased from va.rious 
sources and m«ay therefore, for the ].)iu‘pose of this 
study, be regarded as of divergent strain. 

6. Harimia. The home of this ].)reod is in, tlie 
Rolitak, Hissar, .Karnal and Gurgaon distiahhs 
of the Punjab and in Delhi province. Ilariana 
bullocks are powerful draught animals and are 
extremely useful for heavy ploughing ami trans- 
port. The coaa'h are fairly good inilk(*rs. Tlicy 
are sbort-homed cattle. The e(,)at colour is Avlut(', 
a grey admixture being regarded as due to crossing 
with other breeds .sucli as Kankrej. 

The experiments were carried out at the Goverii- 
inent Cattle Farnp. Hissar, most of die. animals 
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t(.'st(;d i»eing farind}r(!(l aiul tliereforc to be regard- 
ed as inbred animals. 

7. Kankrej. This breed resides in the country 
south east of Kutch. extcuiding from the south- 
ciist eojiKu.' of the Tharparkcr districts of Bind to 
AJimedabad in Bombay and from Deesa in tlie east 
to Kridha.]) jnir Btate in tln^ “vest, pa.rti(ailarly along 
Mh'- Ban;is and Baraswati rivci's. They are fast and 
jjowerful draiiglit cattle. In the past they have 
been cxj3orted to Bouth America and other tropical 
countries in order to maintain the constitution of 
the hxial cattle by introduction of Zebu blood. 
The Kankrej lias been said to be instrumental in 
the formation of beef breeds in these countries. 
They are lyre-horned cattle. Cows are fairty 
good milkers. The liaiikrej is a thoroughly well- 
established breed which lias been maintained pure 
for generations. They carry the head in a raised 
position) hence the name Proud Kankrej 
The colour is generally grey to iron grey, growing 
white with age. 

The l)lood-grouping experiments were conducted 
at the Northcol;e Cattle Farm at Chharodi. Most 
of the animals were farm-bred and. may be regained 
^,s inbred cattle ibr the purpose of tliis study. 

8. AmritmahaL This is a breed of Mysore State, 
whore the animals are bred under Gove.rnmeiit 
control and their sale usually restricted. Subsist- 
ence is entirely by forest grazing. They are 
among the best and fastest draught cattle in 
India,’, and are jjarticulari}' useful for army trans- 
port. 

Ifhoy have long and pointed horns arising close 
together and extending backwards and u])ward.s. 
They belong to W'are's group iV. The colour 
\’ari<'s from light fo deep iromgnw. wilh a dei-kcr 
almo.st bhick sliadc over the shoulder!; iind bind 
quarters in the case of bulls. Biilloeks ;md (‘s~ 
pecially older onc.s a])pcar wliite. while tin* c.ows 
are generally white or at times light grey. C.dves 
at birth are mostly ixid or light-red. 

The tests were carried out a.t the Cattlc-lb-eed- 
iug Station, Ajjampur, iM'ysore State. 

9. Knngaijmn, This is a breed of tiie soulb- 
eastcru taluks of Coimbat<-re,. iVlmlins. Auiiuids of 
this Im'ed are broil ou scieutihe hues at the Bive- 
stock doseiirch Station, Hosiir. There is :ilso a. long- 
estiililished herd maintained by a private breiuler, 
till' Balt;(giir of Pidayakottai. The breed is 
suit;d)l{' fur light plough and transport work and 
is ('conomie.al to nmintain. The cows are generally 
jjoor mili'iM’s. The hoi’us arise Jairly close t,ogether 
and cxleiid sligiiUy backwards and upwards. 


The colour is generally light-gmy but changes 
to white with age. Bulls sometimes sho\v iron- 
grey patches over tin' IVmit and hind (juariers. 
Calves wlien born are red but later change t.o 
light-grey colour. 

One hundred adults were tested at .1 fosiir. Most 
of them were farm-bred and arc thus inbred for 
the purj)ose of this work. 

K). Ongole. The homo of this breed is the Cunt m' 
district and neigliboiiring area of Madras. It 
is one of the largo breeds of Indian c, attic and 
greatly resembles the Hariaiia. The unimaLs 
arc, however, comparatively lethargic, and useful 
for heavy plough and transport work. The cows 
are fairly good milkers. They have short liorns, 
111 colour, tliey arc mostly white but a small pro- 
portion are of a light grey colour. Tlic bulls 
generally show a ligiit shade of grey over tlic 
(piartcrs. Ninety-six aihilts were tested at the 
Livestock Research (Station, CTimtur. Most of 
them were farm-bred and so inbretl for our 
]>urposes. 

1 1 . DJninm. This breed lives in the northern 
Jhmjab, in an area of undulating valleys at an 
average altitude of 1 ,500 feet. I'hc climate is 
generally very cold during the winter anti luirly 
hot in summer. It is a fast and light ]>lcugh 
animal and fetches high, prices. The cows arc 
generally poor milkers. Tin' horns a, re short,. 
The coat colour of the body of the so-called puj'c 
Dhauui-bred animal is white svitii blac*k ;4])ots, 
Aidiile the skin colour and tuft of the tail are in- 
variably white. Ninety-nine animals were tested 
at Chakwal, Daiilatala and G-ujarkhan. As 
they had been colleided from different sources, 
tliey may be regarded as of divergent;, st.raiin 

Ffhdcm mid FHenian-Sahin'ul cro«,v. Tests 
on 80 animals were made at the Military 
,'Parms at Sialkot and Lahore. (Sonic were pure- 
bred and recently inqiorted from Europe, others 
were pure Friesians born in India. The remainder 
were crossed with Sahiwals. Results of tin; te,sts 
have been, given in Table IV. The frequemey 
of A and B groups inpure-bred Fih'sians is miudi 
higher than usual. 

Afghan. The original home of this In-oed 
is Alghaiiistan. A few of these (-.attle were pre- 
sented by the Afghan nov(u.'ninent to H. E. the 
Viceroy and have since been k(q)t at the Impiuhd 
Veterinary Research institub*, Mukteswar. whcjc 
they have developed into a sm.-dl licid. Nii)(’« 
teen cattle could be brought under cxpeiinicnl 
The results » are given in Table V. 



Blood-Ofoup hhntijimlUma oj hul la u Hr 
Table IV 

(JronpiiMj of Ffiedwn ami of Fnedm)~Ha]d)r<tl ci 


Heifer 1! 


Heifer U 


Heifer 11 
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filuorl-Gro'U'p hlentificuGoHs of hhiimi /VvYvr/.s- 


Tiifsp. .small Oil tile are cod lined to the Himalayan 
huli-raii'i't's <uui tlich" nio coimected iiith tlie Tibet- 
an ran(;;c,s. ll would bo iuteret<t.ing to stiuly tli(‘. 
blood-i-To II j linos oC TibctuFi atul other Mongolian 
brcfds ol' caiile. or at lea.st tdlun Himalayan 
Jiill caltic in indin, to .sec wlndher geograpliind 
proxiiuitv has inovided the mean.s of importation, 
ad;!]>tai ion and apreml of llie.se cattle in tin? 
Ilfin.'il.avan range.s. Their blood-groujt simi- 
laril.y witli hrie.sians is suggestive, Imt no solid 
ii Vjjothe.sis is po.s.sihle heeainse few of the hitter 
con Id b(' t(?.sf.ed. ft. i.s intriguing however to 
find that both Friesian and Kumauni cattle are 
decidedly more .suscicptible to rinderpest than 
other breed.s. 

tSal/iu'nL JfiilidiK (rir and Ued Shul/ii. Those 
breed.s r(?veal a striking preponderance of group 
0, .and ati cijiially low (Viopiciiey of groups A and 
B (iuixcii). This clearlv ('stahli.slie.s a close inter- 
relutionsiiip among tlneso breiuls and sn]>])orts 
(.iiviw’s hypothesis, that. !be Hahiv;a,l and Bindhi 
breeds are, derived from (‘ont,a(;t with Afghan 
and (dr eattle. If is further established that their 
origin is distinet fi'oin the wlut(?--gre.y (‘.attle of 
ln,dia.. 

Kanki'ej. Oafple and Jlariaua. Tn all tiie.se ]»re,eds 
there i.s a very low Irequt'.ncy of grou]) 0, wherea,s 
AB frmpiencie.s are fairly high and there is great 
.similarity a.s regards groiij) IV (negative). The 
l-Iai’iaiia cattle, te.sted at ISissar, it is imderstood, 
have a small admixture of Kankrej blood. Tn .spite 
of thi.s, there is a greater n,ilinity between the 
Hariana and Ongole as regard.s group 0 a.nd AB. 
Geographically, the.se two breeds are widely 
separated, the Ongole being' coiifinofl to a small 
tract near the eastern coast of .south India. These 
animals have no moi‘i)hological simihirity with 
any of the neiglihonring breeds. Hariana cattle 
are situated well to the north, but show maH‘:(?d 
resemblance to the Ongole })reed. The blood- 
grmip findings again iirovide siqiport to the views 
of Olver and of Wai'e, as to the common origin 
of the..se breeds. 

The Dharoii breed. This hreod .sliow.s a fairly 
high frequency 0. Tdds factor and the location of 
these, cattle, on tlie route Irom Afghanistan to 
India, suggest tlu' in cor [lo ration of blood from 
Afghan or .some allied breed during tlioir evolu- 
tion. 

The TharpuiTer breed. This lias a fairly high 
frequency of group 0 and A and B (mixed), and 
thi.s suggests that the breed is a cro.s.s between 
the arey am! (tir types of cattle. t)b,servation.s 


on a larg;e nundier of cattle of thi.s breed rev'cahid 
niiicJi variation in crania,! forma (iim. On, mor- 
phological a,ji(l set.‘oloa'i(;al grounds, llipso (*a,ttl(' 
cannot be granted tJu* rank of a regular breed, 
hhirtluu' invi'stigat ions, howc\cr. iit.ay llirow nunc 
ligTit Oil the n latter. 

Aniri/tnahal. This faiiious breed hills into a, 
group comprising the Kangayam, (higoh* and 
Kankrej bribed, s. 'flic bJoud-group rcla,i iouships 
to tiicse tlmie briicds arc too close lo be iguorml. 
ami this raises the interest ing j)o,ssibi]i(y that the 
lireed may not after all have been iiujxu'ted in 
a sepaj'ate migration wave, l)ut may b(' tlu? oiiteome 
of the magnitieicnl (dlbrts of tk.e rulers of Alyson* 
to evolve an a,rmy transport lieast by tlie (wossing 
ol’ local .south India cattle (Kang.ivam bris'd) 
with grey-wliite eaiile (( higule-Kaukrej), Oilier- 
wise, there must be siune eouimou anei'strv in 
their original Iioiiih. 

»Si'!Mma:iiv 

1. Tile blood-gruii]) distribution of !I Imlian 

and two foreign hri'ed.s, eomprising head of 

eattle, iui.s been .stiulied. With the ('xeeptionof 
Friesiams, all the cuttle tested wm-c of Zebu typ.o. *1' 

2. Tlie final lilood-grouping by pcri'cntages 
is: group 0, 2(')*8 ; group A and .11 (mjxml). 8--} ; 
group AB. 3b a.ud group !\' (negative). 28-8. The 
blood -group frcquoneics for each breml bidiave 
as in<!e]>endent unibs and imlii'ate pussilile, origin 
and relatiomship with other breeds. 

3. Gir, Red BindJri, Siiliivva] and .M'ghan eattle 
show a similarity in lilood-grouping, espeeiully in 
respect of the high freipie.ncy of gi’oup 0- so that 
thc.se four breed.s may be, regarded ms relat.ed. 

fTa.riana, Ongole, Kankrej and .Vinritniahal 
were also very similar to one aiudher and so may 
be from the same .stock or closely related. 

Dhanni, Tliarparki'.r and Kangayaiu lin-ods 
repre,sent intermediate- ty])C,-:. 

Knmainii liill cattle appear to bt' .a senarate 
entity in india. Their ’slood-grtaiji simliarity 
to that of Friesian cattle ami the high simci'pii- 
hility of ])()th these iireetls to rinderpi'Sl luus ln'eu 
pointed out. 

-I-. A hlood-groiiping ela.ssilieatioii for imii.-oi 
cattle lia.s iioen provi.sionally ii\o(k cud a diftbren- 
tiation of A ami B groups by ;'h,s(irpi im tests 
has heeu made. The ratio of gro.ijjs A, .im! /.• 
in Knmaimi hill cattle wa.i 

b. .Mhentio)) has been calh-d to (In* geographical 
ili.strl* ion and morjihojogical l•!ull•;l^•,t'‘lr. of iudi.iu 
breeds, 


ik 
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In recent years a good deal o.f attention has been 
given 111 the composition of bloqal in. relation to 
luadth aaid disease iu animals. It Ijas been shown 
that malnutrition and disease (ifteu cause changes 
in some blood cons tit lie tits, systematic investi- 

giition was, tliei'id'ore, started to csttiblish normal 
\aduc.s h)r tlu‘ blood cunstituenfo of farm animals, 
('Specially cjittlc. In Part 1 of this sci'ics of papers 
[Alullic.k a.ud P;d. 1943], an effort was made to 
estiddish tuu'uud values for blood and serum 
{•.onstitiie-nts of (‘adtie belonging to different age 
groups, sexes, tuul under diflerent iphysiological 
conditions, namely lactation, accompanied or 
not/ Ity pregnancy. This paper deals with the 


effect of seasonal variations on tlie morphologic,al 
and chemical constituents of the blood and siuauii 
of cattle. ^ 

From the ri'lcvant literaturt^ it is obsi'rvcd that 
there i,s a (do.se relationship bctwc'cn various body 
processes and cliangiis (d‘ S('a,sou. Ritxman and 
Benedict [1938] found t.]iu.t sonu^ seasonal fac.l;ors 
exerted a dominant iiitliaaica' in tlieir standard 
metabolism ex))ei'im('nts, Bnadcs [1931 j and 
Becker and Dix Arnold [J 92 >r)] reported a idose 
inverse relation between environmental tempera- 
ture and the percentage of butter-fa, t iu emv’s 
milk. Similar observations were made, in India, 
by Sen and Rai Sircar [1944|. Seidt'li and Fetige.r 
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(Jcmipositmiof the Blood of Farm Anwtcth in hid in 


[1913] foiiiid tfiiit tlio ii.vora}j,e io(.liiu-('onfco!it of 
lilt' iit-altliy tlivrou! f)f cattlt* (Voin Jiiiu* to Novotti- 
brr was al)Out ihrot* l.iiiirs that fVoni Dc.oofttlx.w 
• to May. 

Ill India, {‘R}x-('ially in the north, thi're i.s a 
vast diirereuoe hcdnvivn tin' winter niiniimnn and 
summer maximum tfunperatures. J\.i Izatnaj^ar,' 
the summer maximum reaches 1 Ih^'F. and the 
winteiMniiuminn may he 42'’’P. 

Experimental 

The experimental animals were normal adult 
cows of the Hariaiia breed belonging to. the 
lijatnagar Dairy Farm. They were selected 
because their blood eonstitiients had remained 
constant under various normal pliysiological 
conditions [Mullick and Pal, 1943], Feeding and 
management were under supervision. All liad been 
immunized against rinderpest and were tuberculin- 
negative ; they remained in sound health throiigli- 
oiit the ob.servations (November 1941 to October 
1942). Since proposed fortnightly exaniination.s 
were not possible, analyse.s were made 
monthly. 


Blood samples were iulo-n in tlic morning before 
feeding and at. practiciUly ilie sauu' period <‘V(‘ry 
month. 0.\ah‘).t<'d blood u'u.s u.mt.lysed for red 
cells, whit(‘ cells, hamioglobiu, cell \olunie. irsui. 
inorganic phosphoni.s, ,si!g.;,r uud cliolcsl end. 
(-■alcdum. magne.simn, protein c.iid mm protein - 
nitrogims vvmn' estimatiMl in the .serum. Sjimples 
for inorganic pliospliorns and sugar wei'e depro- 
teinissed at tlie s])ot of bleeding. » 

lVl.ETHO:i.).S 

Cell-volume, cliolestm-ol, protein and non-pi’oteiu 
nitrogens were detci'inimMl by tin' methods of 
Napier and Das Gupta [!9-ll|. Baiierii'i' ji9:')7j 
and Kjeldaid [1883], respectivi'lv. 'riie rest of 
the constituents v\ere ana.lysed m-eoniiiig to llu' 
methods de.scribed in Part 1 IMulliek and Pa.l. 
1943]. 

He.sIU/I’.S .wi) !)l.sm!.S,si()N 
The average readings of all the a.iiimals fof^s^ 
each month are given, in Tahh' 1. of individual 
animals for 12 montii.s and tin* n'sidts of si.iitisf icn} 
analy.si.s in Table M. 


Table T 

iieasonfd variation in the imnpomtion of blood and sermn (f eoie^ 
{Average (>r 12 ftTiiinals) 
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A; K. f AL, S. A. Momin and D. N. Mullick 
Table II 


i^vuwnii.l varifiiion hi the composition of blood <ind scrum of cows ami staflstkal aiiaJijms 


(Average of 1:2 months) 


Animal Xo. 

- 

33 

27 

42 

:'^7 

GI 

94 

1 111 

123 

X2G 

145 

178 

Moan 

8, J). 

C. «!’ 

lifid cells . . . 

8-4 


s. 

.S-G 

8-0 

8-2 

S-O 

T-il 

! 

8-G 

8-4 

8-4 

s.. 

.8-2 

:h 0-8855 

4.7 

White eel Is 


0-3 

. !)-2 

•.)-7 

!|.3 

9-2 

9.3 

8-7 

9-0 

8-7 

0-0 

9-5 

9-2 

±0-5039 

IM 

Tib, . , . . 

lies 

10-2 

;i0-5 

KMt 

.l(>4 

lU-3 

10-2 

UV7 

n.-t 

10-3 

11-1 

Kl-G 

10-G 

±0-4042 

■4*7 

• e. V. . , . . 

38-5 


37-0' 

30.5 

38-3 

38-5 

37-0 

3S-.3 

; 4(1-3 

3S-5 

4(1-2 

4()-() 

38-7 

±1-4709 

3.8 

Al. C. V. . . 

•Ki-2 

jS-3 

4G-.j 1 

S45-G 

47-7 

47-i 

40-0 

! 4S-0 

4G-8 

4G-1 

48-1 

49-1 

■17-2 

±2-9120 

0-2 

Al. c. :ii, ... 

I.-4 

■■13.2 

12-8 

12.G 

12-9 

12'6 

12.7 

13.4 

13-2 

12-:i 

13-3 

13-0 

12-9 

±0-7578 

5.9 

.M.iMt.e. , 

iin-r 

27-4 

27-.S 

27'.'-. 

27-1 

27.0 

27.G 

27-8 

28-5 

20-8 

27-G 

27-8; 

27-4 

± l-07(,)7 

(M 

Iron .... 

. 3n- ,, 

37-!l 

.3,8.4 

U-l 

40.4 

31I-.S 

3U..7 

30-7 

40-3 

•tO-G 

■lo-l 

10-1 

39-8 

± 1.5701 

4.(,» 

lanrgiuiic elwfijiliorus 

1-31 1 

■IS/JS 

i-rio 

- 

.|•47 

4.37 

4-40 

l-GT 

4-01) 

4-4G 

•1-14 

1-92 

l-ixl 

±0.4723 


•SUitai' ... 

Tli-t 

Sd'O 

sn-r. 

SO-G 

s.m 

,81-8 . 

sm 

78.7 

.SIJ-G 

81.2 

7(i-.8 

81.2 

SO'5 

,,,±1M221 

3-9 

(.'holfstcfut , ; 

.ir.i 

l.-.O 

14,'. 

1 3G 

1-43 

13G 

1,38 

112 

130 

13G 

131 

111 

rii-o 

d-ll-GOBj) ; 

hS'll 

('uleinni . ... 

IMI 


lJ-3 

10 as 

IIMI 

10*9 

UhS 

lO-l 

lO-l 

10-18 

11-1 

10-0 

lO'H 

J;().457l) 


.Alnmicsinm 


2-Tf. 

,2-85 

2-G.-1 

2.74 

2 'GO 

2 .G.h 

2-77 

2.51 

2-01 

2-05 

2-72 

2-69 

±0.1.839 

' / (I'S 

Xoiv-i!i'ol(!hi nil,rot);oi! , 

3J-i. 

3(i-.J 

3«.5 

31-4 

3:V1 

GG-;’. 

30-3 

3(r3 

34-!) 

30' G 

3G-G 

30-2 

. 35 0 

±2-3077 

Q.G 

I’riitein , 

7’4 

7-1 

7-5 

7.1 

7-0 

r-G 

7-ti 

7.3 

7.3 

7-2 

7-3 

.,.7.2 

7-3 

:;L:0'393'S 



- lied rorpasrics ami ir/tifc- corpaselcs, h^'niii the 
inbli'S, it will 1 h' .seen tluit thi* n \’} i.Iih.'R 
roii[ia,iiif’(l ])r;H‘ti(;.a.liy coiistHiit. tlu‘()ii,u,ii<>n( tlu' yoar. 
Jlowt'vtM’, !)i 5 .!:I)ly siytiiiicauit (lilTcroixu's W('r(> (numl 
uniniio individna.l a.iiiiuals. 

Haomiphihin, ilio-jily Hig-i>ifica.iit dindtviK'.c.s 
axis! ad ia Ihs' monthly Ji-vara,< 2 ;c.s as w(‘ll as in the 
nuauLR of individual a,nimais. Monthly avaraffos 
daalinad yi’adually froju Febinuiry to Juno, atid 
(Vom Jidy they sdirt.ed to inarease. It appears 
that the (;(ai(!('ntration of lunnioplobin is inversely 
proian'tional to the (iha,no-e of atmosjdieric tein- 
4 f„})('ra,ture. In .South AtVioa. Ibi.nimersma l,19dT] 
studied the seasonal vau’iation of hamioo'Iobin in 
aaiinia.ls a.nd Found no. sipnifioant variation in 
monthly a,vei'a,,u'as. Ma,nr{'sa. and Orip [11)41 1 
in t he IMdlipjam's observed that, the liaemoplobin 
eone.etit rat.ioii in exjtai'innmtal animals \va,s liipher 
itf wiiiter tlnui in suntnu'r. In the United States 
I)a.'<att .Miinderman. Doupa and Seott [HKOj, 


workinp on human snbjeets, fouiul tliafc 
a slipht va,riation in tin; temparature of the 
e.x peri n lent. al oliamb('r residtt'd in variation in 
the eonee.id.ra,tion of blood eonstitiumts. the 
trtmd of olianpes beinp simihu' to that observed 
by ns. > 

Cell-volnmc., The variation of eell-^'ohlme as a 
result of clianpx' in air tempei'a.tuj'a resembled that 
of Inomoplobin. StatisticaJ analysi.s showed that 
there was hiphly sipniliofuit ditferomn' amonp the 
monthly averapt's a.s wcdl as jmnmp t in; means of 
individual auiitials. This value was inverselj' 
proportional to the e.hanpt' of temiporatiirtn The 
variatioti in the composition of body-fluid with 
soa.soiial eh.'mpe hel])S heat -repulaition in the 
aaiimal. In smttuicr. the st'c;retjons of thvroxdne 
ami adronalirn' temporarily inhibit dihi,tion of the 
eaitaneous capillaries and the ine-rearSt; in phisma 
volume, helps in piviiip out tJie body lu'at. fornu'd in 
excess [Kuno. 19dr)|. 


m 


Composition of the Blood of Farm Animals hi India 


Mean oorpu scalar volume. The average juonthly 
values sliowed highly sigiiilioaitt variations, hut 
the means of individual animals did not differ 
signiticaiitly. Monthly variation was similar to 
that of eell-volume. 

3Iean corpuscular hcenux/lohiu . Highly signi- 
licant differences existed jiinong the monthly 
averages as well as in individual ajiiinals. Qffi.o 
value, s were higher ir> winter than, summer. 

Mixtn corpuscular ha^uuM/lobin concentmtion. 
The average values showed no signiffcant variation 
in the various months or in the individual animals. 
The change in both hminoglohin and cell-volume 
was shown to be ijroportionapl. 

Iron. There were highly signilien-nt differences 
among the monthly average.s and in i.iKlividual 
animals. No seasonal variation was noted by 
Hanimersma, (19;i7'j in Houth African animals. 
Considering the close relationship bcitweeii 
hgemoglobiii ajid iron, it might have been expected 
that variation in iron would be .similar to that of 
hsemoglobin. 

hiorgauic phosphorus. There was no signlticant 
<liffcren<'.e among the monthly averages ])nt meiui 
values of the individual animal differed siguili- 
cantly. 

Sugar. The mean values show(‘<l no signiffca,nt 
differences in tlie monthly observations or in 
indivkhial animals. 

OhohskroL Neither the montlily avemges nor 
the means of the individual animals vari('d .signi- 
ficantly. Gho.sli []93:i] came to a sijiiilai’ conclii- 
vsion from a statistica.! study of tln^ se-asoual varia- 
tion in human bbod. 

Calcium. There were highly signiHeant differ- 
ences in both the nreaiis of monthly ol)servatioii.s 
ami ill the averages of indhddnal aniniaJs. Month- 
ly values gradually incri'ased with rise of tempera- 
ture in .summer and gradually decroa.sed with tin; 
advance of winter. Hammensma |1937| noted 
similar eiianges in cattle, hut the difference was 
not statistical! signilicant. Craige and ({odd 
[1941] found the. calcium content of horse '.s .serum 
to be a,t its maximum in .summer. 

M<u]nc.s}um. hi ighly .significant differenc<‘s 
exi.steil among the monthly a,vorage.s as well a.s in 
individual animals. Duticim, Idglitfoot and Huff- 
man [19'10|' noted also that thi.s constituent 
diffcie<l .siirnificantlv fioin nioutli to month, 
winter values being greater Mian summer ones. 

Protein ami iion-prolnu uifrogan. Neither the. 
average monthly values nor the m.ean,s of individual 


animals were found to lie. .signilic.aiiitly ditTereut. 
Haminersma’s [1937] finding.s wen;, .similar to oiir.s. 

SUMMABV 

Whole-blood ami .sonim of a, group of normal 
cows were analy.sed for morpliological and clieiniral 
constituents over a period of 12 nioiiMis. OxahUed 
blood was examined for red cells, white c.(‘lls, 

' hcsinoglobin, ccll-volnnio. iron, inorgiuiie. pho.s- 
pliorus, sugar and cliolo.sterol. tJalciiim. magm>-- 
Slum, protein and non-protein nitrogen wer*' 
determined in serum. .Dilferent corpuscular i'a.lues 
were calculated from red (xdJ counts, luomoglobiu 
and cell volume. In the inor})ho]ogi(!al .seric.s, 
heemoglobin a,nd cell-volume exhihitr-d signilioaut 
sea.sonal variations, wliensis in the cJumiica) 
series monthly avm’ages ibr iron. caJc.ium ami 
magm'siiim shovvtal sigiii(ica.n(- diflenmcf'.s, in 
th<‘ former .serh's, the a.V{>rHge \a,!ue,s w<'re liigho.st in 
win.t(‘r, whcnsis in tlu' la,f.(ei‘ ,Sfri(\s tlu'y wiu’c. 
highe.st in siimimu’. The remaiuiug const. ituents^ ’t 
botli in the morpliologica,! and eliemica.l series, 
showed no .signiticaud diffen'iua's in their luoidihly 
averages. Praetieally a.ll ihc eon.stitueut.s differed 
signilioantly in individual animals. 
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THE COJlJ'ARA'tTVB VALUE OF SOME CONCENTRATES IN THE PEED OF 

GROWING CATTLE 


By N. C. I)a« CtUpta, ’ReHeurcli (3.tncer, Cattle Feeding llesearcli Btatiou, Bliarari, Jhaiiyi 

( lloceivod for [)uhlioation on 12 ]''el)i'Uiiry iOdo) 

(With one text-figure) 


OoxcEXi’KAi’ES can lie broadly classified into 
three groups a.ccording to tlic composition. Lin- 
seed cake, decorticated and undecorticated ground- 
nut cakes, til {Sesamum indicum) cake, rape 
cake, cottonseed cake and gaar {Qifamopds 
■p.sordUoulefi) are the <;ommon concentrates of 
India, liaving a protein content of over 150 per 
cent. Coconut cake, cotton seed, pulses (legume 
seeds) and pulse by-products are moderately rich 
in protein a,nd have nutritive ratios simihir to tlie 
standard required for production. Cereal grains 
make the third group of concentrates which are 
comparatively rich, in carbohydrates but low in 
protein content. 

This paper deals witli the feeding value, for the 
production of growth, of five oil cakes, viz. linseed 
cake, decorticated and undeoortioated groundnut 
calces, rape cake and til cake and four legume seeds 
or their by-products, viz. guar, gram {Cio&r 
arietimni), arhar {Cajanus indiciis) chum and mung 
{Phaseolus nvimgo) chuni. The eJmni is the liy- 
produot from the manufacture of split pulse (dal) 
for human consumption. It contains chiefly 
the hulls, along with, the germs and broken parti- 
cles of the wseed. In, all the tests of this series, 
- linseed cake was used as the control, because it is 
one of the most popidar protein. supplc,me:nt8 
for cattle and produces good results even when 
used as the only concentrate. 

Feeding trial with linseed cake, undecor- 
ticated GROUNDNUT CAKE, GRAM AND ARHAR 

(ikmi (1940) 

In August 19'10, tests to find out the comparative 
IVeding values of linseed calce, imdecorticated 
grouiulnut cake, gi'am and urJurr chuni for growth 
weiT' started witli 20 Hiswir heifers. The basal 
-f" ration, which consisted of wheat straw ad lib., 
i 1 \\i. joicar {Horghuni vulgure) silage, 1‘55 Ib. wheat 
bran and linseed cake for protein supplement, 
was fed to all the aniinais for a period of eight 
iY(ad<s and thereafter they were distributed into 
i'onr coinj)a,i'al)le groups Recording to age, live- 
weight anti ra,tc of growth during the basal period. 



For the cxperimeiita] feeding, group I was allowed 
to continue the basal ration, and groups II, III 
and IV received groundnut cake, gram and arhar 
chuni respectively in p.lace of linseed cake, the 
quantity lieiiig regulated to maintain, the same level 
of protein for different groups. Records of daily 
livTweiglit and footl consumption .tor each animal 
were maintained during the test wliicli lasted Ibr 
a period of 21 weeks. Tlie distribution of animals 
for the different treatments and their liveweiglit 
increase during the experimental period have lieen 
recorded in Table I. 

Rats of growth ivUh the different, rations. The 
.rate of growth by the different treatments has 
been, statistiiially analysed and the summary of 
the results is sliown in Table IL Umlecorticated 
groundnut cake produced the Lowest average 
growth rate. Linseeti cake came next and, 
though the average growth rate is very sig.iu- 
iicantly higher than that with groundnut cake, 
it is lower than that with gram and arhar chuni. 
The difference between gram and arlmr chuni 
is not significant. Tlie fall in the growth rate 
from gram to linseed cake is I9*48 per cent, from 
gram to groundnut cake is 53*60 per cent, and 
from linseed cake to groundnut cake 34*12 per 
cent, the critical difference at 5 per cent level being 
12*97 per cent. Similarly, between arhar chuni 
and linseed cake and between arha/r chuni and 
uiidecorticated groundnut cake the differences in 
the average growth rates are 23*35 and 67*47 per 
cent respectively, the critical difference being 
14' 50 per cent. The variations due to treatments 
in the case of average rate of change of growth 
rate is also significant. 

Feeding trial with linseed cake, decorti- 
cated groundnut cake, rape cake 
AND MUNG chuni (1941) 

Sixteen Hissar heifers were selected for this 
test in September, 1941. The basal ration was’ 
the same as in the previous test, except that rape 
cake was fed instead of linseed cake during this 
period as it was found that animals do not relish 
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Table I 

Distribution of the anmals inlo f'heir luveweight^ 


Average ago of tlw grou]) . 

Average liveweight at the 
sfarfc of the exfjeriment on 
as August 1940 


Average livewclght at the 
elOKe of the experiment on 
21 January 1041 


Averajjs age of the group , 

Average tivewoight. at the 
start of the cxporinaont on 
28 August 1040 

Average livewolght of group 

Average liveweight at the 
close of the experiment on 
21 January 1941 

Total increase . 

Average increase of grotip , 


j Linseed cake , 


Groundnut cake (unde, 

•orficatcd) 


1 

2 

3 

4 

5 

0 

7 



HI 

1-8-24 

l-S-18 

1-7-9 

1-7-13 

1-8-13 

1-8-27 

1-7-29 

1-9-5 

1-7-3 

1-0-29 


1 ye 

ir 7 mouths 

3 days 



1 yci 

r T months 

day 


511) 

452 

450 

422 

457 

483 

480 

443 

472 

425 



400 





402 



027 

f>!)5 

623 

552 

604 

559 

595 

539 

587 

535 

108 

11:4 

173 

130 

147 

70 

tot) 

90 

1 15 

1 1(1 



140 





101 



Gram 

Arktr chiml 

11 

iV 

13 

14 

15 

10 

17 

1« 

19 

29 - 

1-8-5 

1-7-3 

1-9-0 

1-7-19 

1-8-24 

1-8-0 

1-8-7 

1-8-12 

1-8-3 

1-7-14 


1 yci 

r 7 months 

days 



1 yea 

7 mouths 

. day 


489 

473 

451 

400 

427 

513 

492 

413 

424 




400 





475 



084 

672 

034 

590 

575 

002 

683 


598 

030 

195 

199 

183 

130 

148 

140 

190 


174 

164 



n. 





■170 




Table II 

Sumniary of results {rate of groioth by different treatments] 


'rreatments 

Linseed 

cake 

Grcnindnut 
cake (nn- 
decorti- 
cated) 

Gram 

Arliai' 

cJmni 

Mean 

Average iuorease per week (lb.) 



7-11 

4-06 

8-51 

8-79 

7-15) 

Percontagf^ of tlie mean 



5)8-94 

04-82 

118-42 

122-29 

lfKi-00 

Critical dilTereiice at 5 per cent 



0-93 

0-93 

0-93 

1-04 


Per cent critical difference of mean 



12-97 

12-97 

l2-i)7 

1-1-50 ■ 


Rate of change of growth rate 



— 0-08GG 

—■0-0109 

-- o-iih; 

— 0-1910 

-0-1017 

Percentage of mean 



79-21 

10-74 

139-23 

188-43 

100-00 

Critical difference at 5 per cent 



0-0757 

0-0757 

{)-0757 

(1-08-10 


Per cent critical difference of mean 



74-39 

74-39 

7-349 ' 

83-18 

i 
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a change from linseed cake to rape cake. The 
basal feeding lasted for three weeks, after which 
the animals were distributed into four comparable 
groups. One group was allowed to continue 
the rape cake ration, and for the other three groups 
rape cake was replaced by either linseed cake, 
groundnut cake or mung cJmni. The procedure 
was the same as in the previous test. The distri- 
bution of the animals for the different treatments 
and the gain in their liveweights during the 
18 weeks of experiment are shown in 
Table III. 

Rate of growth. The results of the statistical 
analysis have been summarized in Table IV. 
Decorticated groundnut cake has produced signi- 
ficantly the lowest average growth rate. Rape 


cake and linseed cake come next in order and 
the difference between them is not significant, but 
both produced significantly lower growth rate than 
mung chimi, the average growth rates per week 
with these feeds being 4-96, 6-30, 6*84 and 8-72 lb. 
respectively. The fall in the growth rate from 
mmig chuni to rape cake is 36*03 per cent, from 
mung chuni to groundnut cake is 56*04 per cent, 
and from rape cake to groundnut cake 20*01 per 
cent, the critical difference at 5 per cent level being 
19*64 per cent. Similarly, ^mm mung chmii to 
linseed cake and from linseed cake to groundnut 
cake, the fall in the average growth rate is ,27*90 
and 28*14 per cent respectively. The variation 
due to treatments in the average rate of change of 
growth rate is also significant. 


Table HI 

Distribution of animals into groups and their a/verage line weight {lb.) 



Linseed cahe 

Qroundiuit cake (decorticated) . . 


1 

2 

3 

4 


0 

7 

8 

Age on 11 October 1041 (year, 

1-7-28 

1-7-4 

i-o-ir. 

1-6-11 

i-7-18 

1-7-12 

1-6-21 

1-6-16 

months and (lays). 









Average age of group 


1 year 7 

montlis 



1 year 7 ui 

lonths 1 day 


Average liveweight at tlie start ol' 

■407 

432 

303 

41 G 

414 

370 

403 

430 

the experiment on 11 October 









1U41 









Average Hvoweiglit of tlie group . 


404 




400 



^ Average liveweight at the close of 

i')«0 

.fi82 

407 

633 

600 

471 

606 

613 

the experiment on 14 li’ebru- 









ary 1043 









Total Increase .... 

123 

150 

134 

117 

9.5 

06 

103 

83 

Average increase of the group 


1.31 




94 




Eape cake 

Mmgelium 


0 1 

10 

11 

12 

13 

14 

, -LO 

10 

Age im 11 Uctoher 1041 (year, 

1-7-18 

1-7-3 

l-C-27 

1-0-2 

1-7-24 

1-7-7 

1-6-10 

1-0-14 

montlis and days) 









.4vf;rage age of group 


1 year 0 inoi 

itha 27 days 



1 year 7 me 

iiiths 1 day 


- Average li\eweigtit at the start of 

487 

401 

300 

376 

380 

440 

427 

305 

tlie exiiei'inient on 11 October 









1041 









Average liveweight of the group . 


402 




404 



Average liveweight at the elose of 

.'■>41 

408 

533 

490 

640 

687 

688 

662 

tlie experiineht on 14 I'ebru- 









ary 1042 

' 








Total laereasc . . 

104 

07 

137 

120 

109 

173 

160 

167 : 

Average Inerease of the group 

1 

115 




104 
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Table IV 

Summm'y of of growth by different lre(iU}tenf.s) 


Ti'e;iliuei:it« 

l.inweci 
ea ke 

(Groundnut 
ciikc (de- 
eoi'liiented) 

Jlnpe 

cake 

Mniifi 

rhuni 

Mean 

< 'I'iticMl 
ililVcremi' 
Ml- o per 

l.-Ctll 

Averagt: itifirotiMi' per week . 

ftS4 

4-90 

tv 20 

S-72 ^ 1 

iv7or. 

t-:i!7 

Pfci’ceMtiige of tlie meaji . 

102-10 

78-9(}' 

92-97 1 

130-00 

loo-oo 

1 !)-ti4 

Rate of ehauge of growth liite 

—O-l.oOJ 

— ■0-04.‘{8 

— n-(i9i:5 

-•0-2479 

— ir-i.ar.o 

0-123! 

Per cent rate of cliange of growth ra te . 

:ii7-to 

92-:i2 

ti7-:nt 

1K3-00 

i 00-00 

9S-lo 


Feeding test with: linseed cake, til cake and 
guar (194-2) 

The experiment to study the comparative 
feeding values of linseed cake, guar and til cake 
was started in April, 1942 with 15 Hksar heifers. 
The constituents of the basal ration were tin*. 


same as those during tlie. lirst test of the series. 
The experiment was conducted for Id W(»eks after a 
preliminary feeding foi' four' wradcs. TIumh^ were 
live replications for each treatment. The distri- 
bution of the animals in thi’(‘e grumps ami their 
liveweight increase during the experimeut have 
been recorded in Tahh‘ V. 


Table V 


Distribution of ahimah Into different groups and tlmr liveweight (lb.) 
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Rate of (ft'ouih, T]ie summary of results of 
statistical analysis for tlie rate of growth is given 
ill Table VI. it is observed that the rate of growth 
witli ill cake is significantly lower than that with 
linseed cake or ijiiar. The fall in the rate of growth 
from linseed cake to til cake is 26*49 per cent and 
from (jH(vr to til cake 43*18 per cent. Guar has 
produced the highest rate of growth and the fall 
in the rate of growth from guar to linseed cake is 
17*69 per cent, but it is not significant being less 
than tin* c.ritical difference of 24*69 per cent. 

Table VI 

Suiu.ui/mj of results for rate of growth 


j 

Feeds) 

Liioeed 

cake 

Til 

cake 

Gmr 

Mean 

Critical 
differ- 
ence at 

5 per 
cent 

Average liiereasie per 

«-35 

.O' 15 

8-03 

l)-t)7 

1-64 

week (111.) 

i'ereentape of the 
mean. 

J02-70 

77-21 

i 120-:50 

lt)0-00 

24-69 


OoMlLARATIVE RATE OP OROWTH WITH THE OIPPER- 


ENT CONCENTRATES 

Striking differences in the average growth rates 
due to the different treatments can be seen when 
the experimental data are plotted on the graph 
(Fig. 1). The curves for groundnut cakes, both 
decorticated and imdecorticated, rape cake and 
til cake arc less steeply inclined than those with 
linseed cake. Better rates of growth are to be 
found with arhar cJmni, gram, mung cJmrd and 
guar. These findings are substantially confirmed 
1)V the statistical analysis. The data obtained 
during the three years of experiment have been 
analys(‘d to study the comparative feeding value 
f)f the concentrates. The summary of the re.sults 
is shown in Table VII. 

The differences in the rates of growth obtained 
with linseed cake during the three experiments 
are not significant yet they a;i*e not the same which 


m;: 

may be due to seasonal variations or other factors 
during the three different years. It is observed 
from Table VII that the average rate.s of growtli 
with imdecorticated and decorticatf'd groundnut 
cakes are iiot signilicantly diiferc'ut from that with 
til cake but are significantly lower than that with 
the remaining concentrates. The growth, rate 
with til cake is not significantly dilh'rent from that 
with rape cake, but is lower than those with lin- 
seed cake, guar, goun, ar/mr rhuui and iniDu/ 
cfmni. The growth with rape cake is not signi- 
ficantly loAver than that with liixseed cake, but is 
lower than the figur('s obtaiut'd for guar, gram, 
arhar chum and utu-ug chnui. The rate of growth 
with linseed cakes is not significantly dilfereut. 
from that with guar, ])nt is lower tlian those with 
gram, arhm' chuni and hiiuig chuni. The differences 
obtained among /parr. gram, arhar chuni and mung 
chum are not siguiti(^ant. The ri'sulls can he 
symbolically vepresiMitc'd as follow's : 


(Ti'oiuidiuit i-aki* (iiii(U*i.'urii(.'at(.*d ) 

. d-.'lS 

Groundnut oalct- ((l(•(■^)rtk•iltlsdl 

. 4-Ud 

7'il on lie . . . . . 


Hfipe cake . . . . 


l.iiisH-'d eiike (1!M2) . 

. . It-SJl 

Liaseod cake (lail) . . 

. (i-N7 

Litweed i-aki* (i‘.Mo) . . 

. 7-li{ 

Iruar . ... . 

. S-0!5 

Gram . ... . 

. 8-77 

A r ha r chuni . . . . 

. H-7U 

M niiij chuni . . . . 

. 8-8:i 


The variations observed in the growth, rate may 
be due to higher consumption, better digestibility 
of the total ration on a(’.count of tin? presence of 
certain concentrates or superior value ol' the 
nutrients of some concentrates. 

Co‘U,suMptdon of total ration- as mjhienced hg the 
different concentrates. 'J’lu' average consumption 
per animal per day in a.ll t he treatments and the 
intake per 100 lb. of livewedght have been tabulated 
in Table VIII. The av<?rage composition of the 
feeds during the experiment is given in. Table IX. 


Table VII 


Summary of results of combined analysis 



1940 

104.1 

1942 


Ciitii-al difference 

5 per cent.’^ 


Linseed 

cake 

Groundnut 
cake un- 
decorticated 

Gram 

.irhar 

chum 

1^ 

|| 

Groundnut 
cake deeor* 
ticat-ed 

Rape 

cake 

S 

if 

Til 

cake 




111 

111 

tit 

imi 

sip's 

Average inereaHe pm' 
week (lb.). 

7-13 

4-.58 

8-77, 

8-70 

0-87 

4-90 

fi-30 

8-83 

(5-83 


' 8-03 

9-Ul 

:i -50 


1-43 

Pei-c-enlai'e of mean , 

103-18 

00-28 

120-02 


90-42 

71-78 

91-17 

127-79 

08-84 

74-53 

119-2] 

ItXl-OO 


,19-54 

■20-(i'.i 


* Fiiiir aiiiiiittls uiidor eaiSi ti'eatriiejil in tUiO iuicl lOIl and .'i in 1912 were coiiHulored for the ooniiiinod ,TH(Uysi». 


Live Weight (lb) 
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Table VIII 


Intake of total dry matter per day with the different concentrates {Ih.) 


Treatmeiits 

Wheat 

straw 

Silage 

Wlieat 

bran 

lAuicen- 

trates 

4’otn 1 

Average 

live- 

weight 

Intalo? per 
100 lb. liv('- 
weiglit 

19‘iO 

Linseed cake . . . . 

2-92 

4-08 

1-40 

2-9.5 

1 1 -35 

530 

2-14 

Groundnut cake (undecorticated) 

2-70 

4-07 

1-40 

2-98 

11-15 

.512 

2-18 

Gram . . . ... 

2-67 

400 

1-40 

4-39 

12.52 

540 

2-29 

Arhar chiini . . . . 

2-49 ' 

4-07 

1-.38 

5-34 

13-28 

500 

2-37 

1941 








Linseed cake . . . 

2-46 

4-28 

1-41 

2-82 

lb-9() 

470 

i 2-33 

Gi’oundniit cake (decorticated) 

2-42 

4-27 

1-41 

1-48 

9-58 

452 

2-12 

Rape cake . . . 

2;i9 

4-2.5 

I -41 

2-4.5 

10-50 

400 

2-28 

Mung chuni ..... 

1-64 

4-20 

1-41 

C-31 

12-(i2 

480 

2-00 

1942 








Linseed cake ..... 

1-73 

4-41 

1-41 

2-21 

9-70 

427 

2-29 

Til cake ...... 

1-82 

4-39 

1-37 

Mil 

9-19 

4L5 

2-21 

Qtmr ...... 

Lf.l7 

4-37 

1-39 

3-U.5 

10-48 

444 i 

. ■ , .'i 

2-30 


Table IX 

Average percentage coniposition of feeds on dry ha, sis 


Ifeeda 

Organic. 

matter 

Protein 

Kthcr 

extract 

Fibre 

N-free 

extracd. 

Total 

carbohy- 

drates 

1940 








■Wheat straw .... 


91-2 

2-01 

0*675 

39-9 

4S-7 

88-S ■ 

.7o?/>ar silage .... 


88-3 

3-27 

0*618 

30-1 

48-2 

84-3 

Wheat bran .... 


93-0 

15-00 

3*163 

11*2 

64-2 

75*4 

Linseed cake .... 


' 92*3 

31*05 

7*033 

8-4 

45-1 

54-.5 

GroundnuT; cake (undeeorticated). 


87-0 

31*57 

9*279 

20-9 

25-3 

46*2 

Oram . . . 


96-0 

21*90 

4*015 

9-5 

60-6 

70*1 

Arhar chuni .... 


91-6 

■19*30 

1*542 

19-0 

51-7 

70*7 

1941 








Wheat straw .... 


90-4 

2*37 

0*805 

39.3 

47-9 

87-2 

Jotmr silage .... 


88-4 

5*30 

1 *702 

31-0 

49-8 

81 -4 

Wheat bran 


94-() 

12*50 

3*397 

13-0 

65-7 

78-7 

Linseed cake .... 


90*0 

33*03 

3*082 

9-0 

44*9 

53*9 

Groundnut cake (decorticated) 


92*5 

52*90 

7*047 

6-7 

26-2 

.31 -9 

Rape cake . , . . 


90*6 

37*74 

8*121 

8-1 

30*7 

14-8 

Mung chuni . . . . 


89-1 

22 24 

1-253 

15-0 

60*0 

05- 6 

1942 


% 






Wheat straw . . . . 


92-1 

3*04 

0-510 

42-8 

45-8 

88-0 

Jowar silage . , . , 


88-4 

6*11 

1 -420 

32-5 

49-5 

82*0 

Wheat bran . . 


92*0 . 

14*53 

3-459 

11-8 

62-2 

74-0 

Linseed cake 


93*1 

36*56 

3-910 

9-4 

43 3 

52-7 

Til cake . . 


87*0 

46*78 

7-364 

6-0 

27-9 

32-9 

Guar . . 


95*4 

30*56 

2-940 

10-0 

61*9 

01-9 










i:iO Com pu mike Value of Some Cmcentmle,^ 


Siiiallcr (lUiUilitiow ol' coiicentmtes ricTier in 
|.)roieiti w’ere IV'i to luaiiitain tlic saiuo level of pw- 
teiii for all the tv<‘atTiieiits. jukI it is iiotod that the 
t*,ousuiii])ii(Hi of total dry iiuittcr Avas also lower 
in tliese groups. (V)n.ceut rates and coarse fodders 
were , fed .s<'j);ii‘at(']y. Wln'rc the quantity of 
noncentra tc was comparatively higher, as with 
arhar cJiioif and muut/ chu.ihi, the intake of wheat 
straw Avas slightly loAver, ])nt in most of the treat- 
raents its intake, tliough fc<l (ul lib, did not appre- 
ciably increase with the loAver amount of concen- 
trates, Avhich indicates that the animals Avere 
usually satiated Avitli tlie av(*rji,ge total <lry matter 
consumed in tire oil calce treatments. Thus it 
appears that on an average 2*22 lb. total dry 
matter per 100 lb. liA'eweight is necessary for 


Hissar heifers between one and two yeju's oi a,g<' 
and weighing between 400 and bOO lb., bui. tlu' 
rate of consumption may be lu'gber if tlie ration 
coUvsists mostly of ])a,latid)le feeds. In tin* ))nnu/ 
ehwn treatment, the av('rago consumption p('r 
100 lb. liAnnveight Avas as high ii,s 2-00 lb. Tli«' 
higher intake of dry matter must ha,ve infliKmced, 
to some extent, tlu' better groAvtb ra.t(' Avit.li ;n((0\ 
gram, arfuir ckuni and imiiMf chum, 

affect of the concern, tfaU on the dlffentihili/ii of the 
total ration. Digestibility trials Avere conducted, 
with tjiree animals under each trea.tmeut during 
1940 and 1941 and with t-AAm animals in 1042. 
The aAn‘.rage digestibility coellicieiits of tlu; 
nutrients of the total ration for ea,ch treatment 
have been recordetl in Table X. 


'rAULK X 


Digestibilit)/ of total ration with the differenl concentrate {per mU) 


■k 



When gram, f/nar or pulse - by-products are, 
present in tlie ration both organic inattcr and total 
carbohydrates arc Is'iter digested, wlu'reas the 
digestibility of protein is superior wlien. (Concen- 
trates viehor in jii'otcin are fed. 

This indicates tlial the tsmeeutration. of a 
nutrient in the total ration plays an important 
role in its digestilulity. Tin' level of protein A\-as 
the same in all tlu^ treatments, but due to <a lower 
intake of total dry matter the concentration of 
protein was liiglicr in tin' treatments with iceds 
richer in protein, resulting in its bcitter digestibi- 
lity, The same tendency is noticed with the 


digestibility of ether extract. Bimilar observa- 
tions w-ere made by the author [ 194d j on a j)f(;vi(ius 
occasion. The low'er digt'sl ibililv of protein of the 
total ration Avith gram, <ti'har chaiti a.rul tmiia/ 
(diuid might also have been inlhiencc'd by tlu'. 
presence of more (‘asily dig(;.stil)h' e.arbohyd rates. 

Gain^n Hveweight in relation to the intake of 
digestible nutrients. The increases in livcwuughi, 
per unit of digestible protein and total digiAstible 
nutrients have been calculated (Table. XI) to com- 
pare the feeding value of the Jiutrimits fi'om tin; 
dificrent concentrates. The pulses and ])nlse by- 
products have always given higher increase in 


(Argaiiiis 
mil Iter 


Mthcr 

o.'ct'i'att 


77 -a 
7S)-a 
7i!0 
li/i'l 


li'itire 


aO'g 
51 -2 
ni'S 
71 -0 


('Xt'l'iU't 


fitns 

(j(v(l 


.UMU 

Liiihfcd (.'iikc .... 
Grouiulniil rake (imdc'eoftieaLnd) 
Gnim . , . 

Arhar eJumi 


: .i, 

J,iti.'3ec*d eako 

Groiindmit eidie {rlecorliciitiMl) 
Rape cidio 
M img chum 


LiuHced cake 
757 cake . 
Uuat' 


wmm 
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livewojglifc per unit of digestible protein. This 
greater increase caimot be attributed only to the 
(juality of protein, as more carbohydrates also 
had to be ingested as a result of inaintaining the 
same level of protein in the.se treatments. Balanc- 
ing of both protein and carbohydrates, which is 
necessary for siicii experiments, is only possible 
4 by supplementing purified diets, but this is not 
})racticablc specially with dairy cattle, in long 
period feeding ti'ials. In the experiment during 
1910, the actual amount of protein digested was 
lower tliaii tiie calculated quantity given to the 


animals of gram and arJmr cimni groups, and 
hence, the level of protein supplement w^as lower 
for these two treatments. But the increase in 
live weight per unit of total digestible nutrients 
was the same even with this lower protein supple- 
ment. Mung elnini and giwr in 1941 and 1.942 
respectively liave produced decidedly better rate 
of growth per unit of botli digestible protein and 
total digestible nutrients. Thus it appears that 
for growing animals protein from gram, arhar 
chuni, mung cimni or guar is superior to that from 
the oilca.kes. 


Table XI 


Guin in (iveuright in rchiion lo the imlah;. of digcslible nutrients (lb.) 



Liveweiglit 

increase 

1). V. 

intake 

T. 1). N. 
intake 

Tiicreafse 
per 10. 
of .D. P. 

Increase 
per lb. 
of T, 1). N. 

Average 

livewcigljt 

1 1»4() 







o.'ike 

UO 

121-9 

911 -H 

i-!'o 

0-15 

530 

Grouiidimi cakf! (undocorl ieaied). 

101 

124-1 

.SGH-:! 

0-82 

0-12 

51.3 


172 

119-1 

ii:i2-8 

1 -44 

0-15 

54 G 

Arhar chuni ... 

170 

lOO-ti 

11. ‘12-8 

1-GO 

0-15 

5GO 

IfMl 







IjiiiHoed cake ..... 

i.n 

. lOH-G 

770-9 . 

]-2! 

017 

470 

(Jronndniit cake (decorticated) 

91 

97-:} 

GCnI-G 

0-98 

Oil 

■ 4,52 . ■ 

Rape cake ..... 

im 

llO-O 

741-5 

1-05 

0-lG 

4 GO 

,]f It n{! chu ni ..... 

104 

11 0-4 

S.SO'5 

1-42 

0-19 ’ 

48G 

1912 







1. in, seed Otake . . . . 

107 ^ 

9.SG 

GlG-2 

1-09 

0-17 - 

427 

Til eake . . . . 

8(1 1 

94-1 j 

559-7 1 

0-91 1 

0-15 : 

415 

(inar 

i:54 1 

107 -G 

1 

707-7 

i-25 1 

0-19 

444 : 


11ELATIV.E .ECONOMY OF THE CONCENTRATES 
The cost for production of 100 lb. liveweight 
with all the eonceiitra,tes is shown in Tal)le Xll. 

Tlie tests were carried out for three consecutive 
vears and the prices of feeds varied from year to 
year. Hence, to com])are the cost of production 
With the different concentrates, the prices of all 
the roughages and bran have been taken as the 
.same as in 1941 and those of the concentrates have 
Ih.'Cii modified and brought to the 1941 level 
4 , 01 ) the ba.si.s of variation of the price of linseed cake 
from year to year. Tiie comparative co.st of the 
total ration for the production of 100 lb. live- 
weight (Table XII) show that for production of 
the .same liveweight rape cake is the cheapest 
a,mongst all the concentrates, next in order come 
groundnut cake (decorticated), guar, mung cJmii, 
liu.secd calce. til cake, arhar ehuni, groundnut 
cake (imdeco.rticated) and gram. 


The comparative economic value of n feed 
cannot be a.sse.ssed only by the market prices 
whicli always vary. Therefore the quantities of 
different concentrates which produce the same 
increase in liveweight have been .shown in the last 
column (Table XII). But for true economy the 
time factor .sliould also be taken into account as 
with better rate of growth, the period of un]>rocbic- 
tiveness is .shortened. It ujipears that when the 
rate of growth is taken into account guar i.s dc fi- 
nitely more economical than the oilcakes, and 
both arhar cimni ami mung chuni may also ])rove 
cheaper in tlie long run. 

Summary 

Trials were conducted to study the comparative 
feeding values of linseed cake, decorticated and 
uiidecorticated groundnut cake.s, rape cake, Hi 
cake, guar, gram, arhar chuni and mung cimni 
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Com.;i)a'mtwe Value of some conmnlfules 

Table XII 


UeklWG economy of the concentrufe^ 


Concentrate 

Gain in 
liveweight 

Qiamtity 
of concen- 
trates fed 

lO-ices per 

100 lb. 
during 
experiment 

(lost frt 
total 

ral.ion Lu- 
100 lb. in- 
crease in 
liveweight 

I’riees per 
too lb', on 
the- bash', 
of 1941 
rate 

Gninpanilive 
i-o.st of pro- 
duel ion of 
100 lb. live- 

w('igiitiU) tlie 

l.asrsof 1941 
jn-fces 

lOqiiivali-iil 

quanlities 


: LI). 

Lh. 

E.S. 

R.S. 

Rs. 

R.S. 

Lb', 

11140 (21 week.s) 






1 1-67 

100 


140 

433-6 

2-745 

17-34 

2-745 

Gi'oiinflnut cake (iinde- 
oorticated) 

101 

438-0 

1-829 

19-31 

1-829 

1 6-53 

l;55 

120 

Gram . 

172 

64.5-4 

3-354 

20-35 

1 3-354 

1 17-22 i 

Arhar chuni . . . 

170 

784-8 

2-2.56 

17-78 

2-256 

' 15-04 

137 

1041 (iS woek.q 








Liiihoed cake . 

m 

372-9 

2-745 

14-67 

2-745 

14-67 

100' 

Groundnut cake (decor- 

94 

192-9 1 

1-829 

13-21 

1-829 

13-21 

. . 77" 

ticatedl 








llape cake. 

115 

324-3 

1-829 

12-87 

1-829 * 

12-87 

99 

Mitiiig chuni . . 

104 

705-3 

2-073 

M-01 

•2-073 

14-01 

138 ■*' 

1042 (1(1 vvfeka) 






M-67 

100' 

Linseed cake . 

107 

266-7 

3-659 

25-4 

2-745 

Til cake 

SO 

196-4 

3-049 

27-3 

2-288 

M:-75 

o.-J 

Giitir . . . 

184 

370-5 

3-659 

22-9 

2-745 

13-92 

UM 



witii Hissar hcifors. The tests were carried 
out in three sets during 1940, 1941 and 1942. 
Linseed cake was used as control in all the 
sets. Varying quantities of the different con- 
centrates wore fed to maintain the. same level 
of protein in all the treatments. 

Ill the first test, it was found that gram and 
arliar aJmni produced better growth than linseed 
cake, while undecortieated groundnut cake 
proved inferior. Among the concentrates tested 
in the second year, nuwg chuni gave the highest 
rate of growth, followed in order by linseed cake, 
rape cake and decorticated groundnut cake. 
The difference in the growth rates with linseed 
cake and rape cake was not significant. In the 
third set, the growth rates were in the decreasing 
order of guar, linseed cake and iil cuke. 

On comparing tlie data for all the concentrates, 
it was found that under the conditions of these 
experiments groundnut cakes both decorticated 
and undecortieated resulted iu the least favourable 
rate of growth. Til cake and rape cake came next 
in order of increasing value, followed by linseed 
cake. Linseed cake was of about the same value 
as gm,r and was inferior only to gram, cvrlim clmni 
and mung chuni which gave the best results. ' 


The digestibility of organic nuiUer arid fotal 
carbohydrate was higher when pulse or pul.se' 
chuni was present iu the ration, while fbat of 
protein was superior when the (roncentrutes richer 
in protein were fed. This variation apjwar.s tc4 
be due to the concentration of the iiutrieiit in th(,i !fe..| 
total ration. ^ 

Protein of gram, arhar chuni, muug chuni and 
(fuar appears to be of sujjerior <juality as conqiarr'd 
to that of the oilcaljcs for growing Il.issar ca,t.tle. 
Mung chuni and guar jiroduceil the best rates of 
growth per unit of total digestible nutrients as 
well. For the protluetion of the same livoweight. 
rape cake has been fmmd to be the cheapest.. 
Next in ordei' come deijorticated groundnut cake,, 
guar, mung chuni, linseed caka^, til cake, arhar 
chuni, undecortieated groumlnut (rake and gra.m. 
-But when the rate, of growth is taken into accounL^ 
which determines the, period of unproductivene.ss 
the feeding of guar is defin,it(4y more ((conoiuical 
than the oilcakes and both arhar chuni mid nmng 
chuni may also prove cheaper in the long run. 

With normal feeds, the eonsumpt.ion of dry 
matter for Hissf,ir heifers weighing lietween 400 
and 600 lb, is, on an average, 2-2 lb. p(.'r JOO lb. 
liveweight. 
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BAGOMOLASSBS AS CATTLE FEED 

L DIGESTIBILITY AND NUTRITIVE VALUE OF BAGOMOLASSES 

By S. 0 . Ray and S. K. Talapatra, Animal Nutrition Section, Iniperial Veterinary Research Institute, 
'd. Izatnagar 

(Received for publication on 27 J.'imwrj 1945) 


With the extensive development of sugar in- 
dustry in this country, the economic disposal of a 
large quantity of molasses in every crushing season 
has become a problem for urgent consideration. 
Of late, attempts have been made to open up 
several avenues of economic utilization of mo- 
lasses. One of these is its po.ssible use as a 
cattle-feed. 

The Imperial Institute of Sugar Technology 
hud been, for some time past, mamifacturing 

cattle feed containing a substantial quantity 
^ of molasses. It was prepared by mixing dried 
bagasse screenings and protein concentrate (made 
of chunni and an oilcake) with boiled mola.sses. 
The mixture was pressed into a cake and was 
named as ‘ .mola,sscuit Some feeding tests 
with molasscuit were carried out at several centres. 
Preliminary reports of these trials were some- 
what contradictory as to the suitability of molass- 
cuit us a cattle h'od. The manufacture of 
molassed feed containing protein concentrate was 
eventually dropped and tlie Imperial Institute 
oA Sugar Technology i.s now producing a new 
fet'd very similar to the foregoing in general make- 
u}) but containing no protein supplement. The 
nt'w feed has bot'ii named ‘ bagomolasses 
and is made up ol’ one part bagasse screenings 
mixed with two pa.i'ts of molasses. 

This pa])er embodies the results of experiments 
carrit'tl oitt with a view (1) to record any character- 


istic behaviour shown by experiraeiitai animals 
kept on a ration containing bagomolasses, (2) to 
study the effect of incorporating bagomolasses oil 
consumption, digestion and utilization of a main- 
tenance ration by bullocks, and (3) to evaluate 
the digestibility coefficients and nutritive value 
of bagomo]as,ses. 

General observations op feeding bagomo- 

LAS.SES TO CATTLE 

At the outset, it was found necessary to con- 
duct a number of preliminary feeding trials to 
fix the maximum quantity of bagomolasses wliich 
could be fed with ease and without inducing any 
ill-effect in the animals. At first, the animals 
showed a good appetite for the semi-dry l)ago- 
molasses, which, however, gradually waned and 
after about two to three weeks the animals simply- 
licked and nibbled the food intermittently. It 
was eventually observed that bagomolasses could 
be fed for a longer time, if it was soaked in water 
before offering to the animals.. Though this 
procedure offered good promise, it wa.s lati'r 
found that even after soaking the con.sumption 
of bagomolasses was not higli enougii to warrant 
its inclusion in a ration. The next step followed 
was to feed bagomolasses mixed with a l)iilky 
concentrate such as wheat bran. Tlie mi.xture, 
as before, 5yas fed after soaking. This procedure 
was quite successful and the animals could be 
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induced to eat 4 lb. of bagoniolasses without any 
difficulty. As feeding of bagomolavsses was found 
to be accompanied by excessive diuresis, other 
points of importance recorded in this connection 
were, tliat the animals must have free access to 
common salt and more frequent watering than 
usual. Diuresis in cattle has been noted by 
Warth [1920] and recently by Sen, Kay and. 
Tala})atra [1942] in animals fed on paddy-straw. 
According to these authors, diuresis is induced 
by the large quantity of potassium salt present 
ill paddy-straw. Oane-molasses is also rich, in 
potassium {about 2-62 per cent on dry basis) and 
it is likely that the observed diuresis is due to 
the high amount of potassium present in bagomo- 
lasses which contains two-tliird of its weight of 
molasses. In this connection, an experiment vvas 
designed to study the effect of withdrawal of 
salt from the ration containing bagomolasses on 
the general condition of experimental animals.* 
The effect of the withdrawal of the salt was quick 
and marked. Within two weeks of salt-starva- 
tion, there was a significant drop both in body- 
weight and food consumption. On the average, 
the animals lost 17 per cent of their body weiglit 
and the food consuniption decreased by about 
22 per cent in terms of dry matter. As soon as 
the animals were given free access to common 
salt, its consumption during the week following 
the complete deprivation of salt was on the aver- 
age 2*6 ox. per day per animal of about 500 lb. 
body-iveight. With progressive feeding this high 
consumption of salt gradually decreased to the 
normal consumption of 1*5 ox. per animal per 
day. It is apparent from the foregoing evidence 
that even the normal requirement of common 
salt in cattle is high when bagomolasses is in- 
corporated in the ration. Witli the increased 
intake of common salt, the diuresis was noticed 
to he considerably reduced. Singh and Singh 


[1934, 1935] have recorded that when mola.ssc's 
was fed to working bulioc.ks whieh wei*e not given 
common salt, the animals often showed frothy 
salivation. When these animals wt*re allow('d 
free access to salt, the i rouble di.sappeonMl eoni- 
pletely. 

Effect of inco/iporatixo bai^oajolansf.s ox 

THE CONSirMFTION, DKiERTION AND CTJIUZA'J'lOX 
OF A ItATION 

Experimental 

For this experiment four country luillocks, each 
weighing about 500 lb., were used. At first all 
the animals gained in weight for a .short ])e,riod 
and gradually settled down to a more or le.s.s station- 
ary weight which averaged 550 Ih. ^-lO lb. In 
order to make a eom])arativc study, the wlioh' 
investigation has hoeu divided into Iavo ilistinet 
periods. In })erio(l 1, the ration <'onsiste(l of 
wheat-6/i'«M of known nutritive value fed ad 
lib. and a fixed amount of wheat-bran of unknown 
nutritive value (with no bagoinolasse.s). Dui'injii 
period 2, the ration was changed and was made 
np of equivalent amount of tlie same vvln^at- 
bran mixed with 4 11). of ])agomolasses and tlie 
same whcat-i/iu.su fed ad lib. The inixtur(; of 
bran and bagomolasses was fe<l aft(!i* soaking in 
water. In both the periods, the animals had fnm 
access to common salt. Each test-ration fed in 
periods 1 and 2 \vu.s continued lir.st for a pndimi- 
nary period of four to .six weeks followed by a 
ten-day quantitative collection of ex(‘reta and 
of any food residue left, for subsequtml: chemical 
analysis. 

The percentage compo.sition of th<» leeding stuff« 
used during the experiment is given in Table 1. 
Table 11 shows the dry matter consumjdJon under 
each feeding test. I'lie nutrients consumed from 
the feeds and vohled in tlie faeces are d (‘tailed 
in Tables III and TV. 


Table I 

Percentage composition of feeding shijfn 

Percentage (on dry basie) 


I'eeclirig .stuff 

[■ Dry 
laatter; 
(perceiit- 

: ..age),- 

Organic 

matter 

Crmle 

protein 

Ether 

extract 

t^rude 

fibre 

Nitrog(*u- 

t'rce 

extract 

Total 

ash 

i 

Lime 

(t'uOJ 

PlowjiluilA 

(fVk) 

Wheat bhusa 

89- S 

90-49 

2*81 

0-64 

39-88 

•17-10 

9-rd 

0-34 

O-lf) 

Wheat lirnn 

90*0 

89*58 

10-37 

1-33 

22-40 

nry4S 

10-42 

0-22 ■ 

1-91 

'}agonioI;is.scH . 

80-7 

s.‘i-9i ; 

2-71 

0-37 

16-;i3 

04-30 

10-09 

1-13 i 

1 

0-22 
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Oonsumption per day of dry matter from different feeding stiffs 



Cion^ivinied IVora 

l‘’eeding period 



Ba»nniolas.seH 

'I’otal ralion 

Wheat, hhusa 

Whe-at brail 


(gra.) 


lein.) 


Bulloelv- 1-- 

1 . ... . . . . 



3,7(i8 

1,226 

Nil 

4,094 

.2 : . ,. . . 

1,502 

1 ,226 


4,181 

Bulioek 2— 1 

] . . 

2,906 

1 .226 

Nil 

4,132 

2 . . ... 

1,246 

1,226 

Ll.'in 

;i,92r» 

Biilioek .1— 

1 . . . . . . 

s,r)S7 

I ■ ' 

L226 

Nil 

4,813 


2.964 

1.226 

1 .4,5:1 

.5,04:1 

Biill.ek -1-™ 

i . . . . . . . . 

:{,8.59 

1,226 

Nil 

5,0S5 


KRO.S 

1,226 

1,15;! 

I : 4.4S7 

1 : ■ , 
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Digesfihihfy of whole ration in period / 


(.'onMimied from 

Organic 

matter 

(gni.) 

Crude 

protein 

(g»i-) 

Ether 

('.vtraet- 

(gill.) 

Crude 

libre 

(gin.) 

Nitrogen* 

free 

extrael 

(giu.) 

Total 

(“I'lrbo- 

hydruti-.s 

‘(gm.) 

Bidlook 1— 

Wheat bhusn . ' . 

;i.4io 

J0.50 

24 1 

1,502-7 

1,777-1 

3.279-8 

VVlieat; bran . . . ■ 

1.09S 

127- 1 

1 6-5 

274-6 

679- S 

9.54-4 

Tnhil 

4,508 

23:5-0 

10-4 

1,777-:! 

2.456-9 

4,231-2 

Faeeal output .... 

2,099 

i:!5-7 

21-4 

8 1 4-8 

1.I27-.3 

1,942-1 

I'otul diffewted . . . 

2,409 

97- 3 

190 

902-5 

1.329-6 

2,292-1 

DigeHt ibility eoelUcieni 

r»:} 

42 

47 

54 

54 

■ .54 ■ 

Bullock 2 — 







Wheat Mas* .... 

2,»t;io 

81 -7 

18-6 

1,15.8-9 

l,:{70-.5 

2,529-4 

Wlieut bran 

1,098 

1271 

16-:l 

274-6 

679-S 

954*4 

Totol 

:i,72S 

208-8 

34-9 

1.43.3-5 

2,0.50-:! 

3,483-8 

hkiecal output . 

1.719 

i:l4i 

17-2 

701-2 

S66-.5 

1,567-7 

Total digested . . 

2,009 

74-7 

17-7 

7.32:! 

1.183-S 

1,916-1 

Digestibility coefflcieiil . 

r»4 

:16 

51 

51 

58 

56 

Bullock :5— 

^VlK*at bhun-i . 

:i,2:i6 

iOO-8 

23-0 

1.420-5 

1,691-ti 

;h 112-1 

^\'he^lt brail , . . . i 

1,09.8 

127-1 

16-.3 

274-6 

679-vS 

954-4 

Total 

4,:i34 

227-9 

.39-:i 

1, 695-1 

2,:!71-4 

4,066-5 

Fuecal output. . . . 

1,964 

134-t) 

20-:.! 

784'5 

1,024-4 

1,808-9 

Total digested . . . 

2-:i70 

93-0 

19-0 

910-6 

l,:!47-0 

2,257-ti 

Digestibility cocllicient . 

55 

41 - 

48 

54 

57 

56 

Bullock 4 — 







Wheat hfinsa . 

:i,492 

108-4 

24-7 

1 ,5:!R-9 

1,820-1 

3,359-0 

Wlieat brail . . . . 

1.098 

127-1 

16-:! 

274-6 

679-8 

954-4 

Total 

4,590 

2.35-0 

41-0 

l,8i:!-5 

2,49t)-9 

-1,313-4 

Faecal output . . . 

2,137 

147-4 

22-6 

848-1 

1,118-0 

1,967-0 

Total liigestcd . , . 

2,453 

88-1 

18-4 

965 4 

1,381 -ft 

2,346-4 

Digc.stibilily coefliciciit . . 

53 

.37 

45 

53 

55 

54 
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Table IV 


DigestibilUy of the whole ration in period II 


Ootisiim(Hl from 

Organic 

matter 

(gm.) 

Crvule 

protein 

(gm.) 

Ether 

ex’traet 

(gm.) 

Crude 

iibi'o 

(gm.) 

Nitrog('n- 

iVee 

e.viraei 

(gm.) 

'Putal 
Carlio- 
h vdrates 
(gm.) 

BMllock 1— 

W'iieat bh ma . . . 

1,35!» 

42-2 

0-0 

500-(.l 

708-3 

1,307-3 


1,0!»S 

1271 

10-3 

271-0 

ii70-8 

0,51 • ! 

Hagomola.s.seH . , . 

1,210 

30-4 

5-4 

2.37-2 

037-0 

1,174-2 

Total 

3,070 

208-7 

31-3 

i,!l()-S 

2.,325-l 

3,435-0 

Faecal output 

1,.544 

130-0 

17-5 

522-1 

S.37-1 

l,.350-2 

Total clige.sted . . 

2,132 

68-8 

1,3-8 

44 

58S-7 

1,488-n 

2,070-7 

Digestibility coeftici(tiit 

58 

33 

.53 

ti4 


P,iilloek2— 






1.084 -.5 

Wlimt bhas’i' . . 

1,128 

35-0 

S-0 

40(i-n 

.587-0 

Wheat bran 

1,098 

127-1 

10-3 

274 -0 

ti70S 

054-4 

Bagomolaase.s . . 

1,210 

30-4 

5-4 

2.37 • 2 

'.).37-0 

1,174-2 

Total 

3,445 

201-5 

20-7 

1,008-7 

2,201-4 

.3.21.3- 1 

Faecal output . . . 

1,481 

133-0 

10-.3 

474-1 

.S37-7 

I..31 1-.8 

Total digested ... 

1,904 

08-5 

13-4 

534 -0 

I.30C.-7 

1.00 1 -.3 

Digestibility eoeflicietit 


34 

45 

5.3 

02 

50 

Bullock 3— ■ 







Wheat bkusa 

2,130 

00-4 

15-1 

<)42-S 

1.111-0 

2,057-7 

Wheat bran 

1,098 

127-1 

l<i-.3 

274-0 

07U-.S 

0.54-4 

BagoranIa.sse.s 

1,210 

30 4 

5-1 

237-2 

037-0 

1,174-2 

Total 

4.450 

232-0 

30-8 

1.4.54 -Cl 

2.7.31-7 

4.180-3 

Faecal output . . . . 

1,827 

141-4 

21-4 

712-8 

1.021 -.8 

1,734-ti 

Tot,al dige.sted . . 

2.020 

81 T) 

1.5-4 

741-8 

1,700-0 1 

2.451-7 

Digestibility coufiieient 

50 

35 

12 

51 

03 

- 50 

Bullock 4-- 







Wheat bhusii . . , . 

1.030 

50-8 

ll-O 

721-2 

852 -C, 

1,573-S' 

W'heat bran 

1,008 

127-1 

I0-3 

274-0 

070-8 1 


Bagomolas.ses .... 

1,210 

30-4 

5-4 


037 •() 

l,17-l:-2'- 

Total 

.3,053 

217-3 

33-.3 

], 233-0 

2.400-4 

3.702-4 

Faecal output 

Total digested 

1,621 

147-8 

18-7 

554-0 

013-7 

1,-108-0 

2,332 

00-5 

M-O 

078-1 

1 ,555-7 

2.233 -.S 

' Digestibility coeflficient 

50 

32 

44 

55 

0,3 

oo 


Discussion. feeding condition Mod gin. dry matter in laig'o- 

Food consumj)tio)}. The data on dry-matter molasses had replaced 1800 gni, dry matter in 
consumption given in Table II show that the in- \vlieat-M«.SY/. 

troduction of bagomolasses in period 2 had appa- Dufedum. The avcragi* digestibility coelficient 
rently depressed the total dry matter consumption of the whole ration is gi\’en in Table V. The 
in all the animals except bullock 3. When, incorporation of bagornolasse.s in the ration, has 
however, the data were examined statistically, helped in the impro veil digestion of organic matter, 
it was found that the dry matter constimption which has increased from 54 in jx'rioil 1 to 58 
was not affected by the introduction of bagomo- in period 2. This improvement has been elfecteil 
lasses in the ration. A more interesting point in in spite of the IowcuhhI inlalo- of organii; matter 
this connection is the effect of bagomolasses on in the latter period. Briggs and llellm- jlStlOj 
the consumption of \vheat-6/c»6i7, which was fed working with lambs have, liowev<‘r, shown that, 
ad lib. in both the periods. When 1453 gin. dry the inclusion of molasses in the ration invariably 
matter from liagomolasses was introduced, the depresses the organic matter digestibility, a, Itlioug’h 
dry matter consumption of wheat bkisa was considerable differences exist in the efliciency of 
reduced from an average of 3530 gm. in period 1 digestion amongst the various comijimitioris of 
to 1730 gm. in period 2, Thu,s under the present feeding. 
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Table V 


Average digestibility coefficient of the whole mtion 


1 

Aiiimal i 

Organic 

matter 

(Jrude 

])rolein 

.Etlier 

extract 

(..'rude 

lilire 

, Xitrogen- 
free 
c.x tract 

'total 
earlio- 
Iiydra tes 

Pei'iofl 1 

BuUoclt — 

I . . . . . 

oil 

42 

47 

54 

54 

54 

2 . . . . 

54 

36 

1 51 

i 51 

68 

56 

3 . . . 

56 

41 

. AS 

54 

. 57 

5(i 

4 ...... 

53 

37 

45 

.53 

55 

''.■.54:...':' 

AveragCB 

54 

39 

48 . 

53 . 

56 

^ ' .55 ' 

Period 2 

Bullock — 

1 . . . . . 

58 

33 

! 

44 i 

53 

64 

m 

2 . . 

57 

34 

45 

53 

62 

59 

1 

59 

35 

42 

51 

63 

59 

4 

59 

32 

44 

- ■ 55 

63 

60 

Averages 

58 

33 

44 

53 

63 

60 









The apparent digestion of crude protein . was 
depressed to the extent of over 16 per cent when 
bagomolasses was introduced in the ration. Simi- 
lar depression was also observed by other workers. 
Thus, in digestion study on dairy cows, Williams 
[1926] found that the addition of molasses to the 
ration bad variable effects on the digestion of 
crude })roteiu but in all cases the addition lowered 
the digestibility. Briggs and Heller [1940] also 
noted depression in tlie digestibility of crude pro- 
tein when molasses was added to tlic fattening 
ration of iambs. In our experiments the animals 
in period 2 took relatively less of crude protein. 
The slightly lowered digestibility in. period 2 might 
have been due to this relatively lower intake. 
But an important point to be noted in this connec- 
tion is that the digestible quota of crude protein 
in both periods 1 and 2 had been provided by 
only one item of the ration, viz. wheat bran which 
Avas fe<l in the same tjuantity in both periods. 
.Ap})ar('ntly. in period 2 the digestibility of pro- 
tein in bran was redma'd. 

Bcvcral workers have noted that the digestibi- 
lity of etiier-extract is impaired by the addition 
of molasses to the ration [Perkins and Monroe, 
1925 ; Briggs and Pleller, 1940]. The reason for 
the lower digestibility adduced by these authors 
is that the largo quantity of calcium and potassitim 
salts in molasses brings about a laxative effect 
which is res])on'sil)i(i for the reduced digestion of 


fat. In the present investigation no laxative 
effect in the animals was noticed in period 2. 
The slightly lowered ether-extract digestibility 
in period 2 can more easily be accoimted for by 
the lower intake of this constituent. 

The digestibility of crude fibre was practically 
unaffected when bagomolasses was included in 
the ration, while nitrogen-free extract showed a 
significant rise in digestion during the second 
period. The total carbohydrates digestibility 
showed a slight increase during the bagomoJases 
feeding period. 

Effect of bagomolasses on nitkogen, 

LIME AND PHOSPHATE BALANCES 

In order to assess the effect of bagomolasses 
on the utilization of these important nutrients 
balances were determined for nitrogen, lime and 
phosphate for yjcriods 1 and 2, Idie results of 
the balama*. trials arc set out in Table VI. The 
nitrogen-balance data show tliat in s])it(‘ of 
6 per cent lower intake and a 15 per cent lower 
digestion in period 2, the utilization of nitrogen 
when fed with bagomolasses was over 7 per cent 
as compared to less tliaii 4 per cent when no 
bagomolasses was used. In period 2 slightly 
better percentage utilization was due to relatively 
lesser excretion of urinary nitrogen imder (ho 
bagomolasses feeding. 
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Bagomolasses as CaM^ Feed 
Table VI 

Nitrogen, Ume and phosphate balance per day in periods t and 2 






— - 



Oiilptn 



Aiiiinia,ls 


Ifaeces 

• UfiiU! 

TVdni 

Balance 



(gi«-) 

(gin.) 

(gin.) 

. 

Nitrogen (period t) 






Bullock- 


21-71 

13-12 

.34-83 

!. 2-1.5 



;}:5-40 

21-45 

11-52 

.32-97 

' 0-13 


:nv47 

21-58 

12.32 

3.3-90 

. *-r w-.i / . 

■ ■■■ ■■4V ■ ■ ■■■ . : • 

3708 

23-58 

1-4-05 

37-03 

i 0-0.> 

Xilnjucii (}icriud 2 ) » 






Tnillock--- , 

3:i-30 

22-38 

9-40 

31-78 

i i-tii 


32-24 

21-28 

8-60 

29-88 

■!-2-30 


.37-27 

22-02 

11-00 

3;M»2 


4 ■ . , . " ■ . 

34-77 

23-05 

9-00 

32-05 

, 2-12 

Lime {periiul 1) 






Bullock — 

15-ol 

12-09 

1 -34 

13-43 

i^-OS 

.1 ' 

1 

8-17 

0-92 

i 9-09 

-!-3'49 

■ ■ • ■ ■ - ; 

H-«tl 

10-90 

1-22 

1 12-18 

-f..2-71 

■ 4; ! ' " . w 

to- 82 

12-82 

0-(»0 

13-48 

■•|'2-34 

Lime (jicriod :B 






Bulloek— 

28-08 ' 

23-05 

0-01 

23-00 

1 .1-92 


27-72 ’ 

19-90 

2-54 

22-4 4 

1-.5-28 

- . . . 

31 -02 

23-79 

2-31 

20-13 

; 5-39 

1 : . . 

2«-li3 

23-20 

1-80 

25-Ot» 

■i 4-0.3 

IMiosjhate (period 1) 






Btillofjk — 

1 . . . > • 

2i>-()7 

22-91 

0-n 

23-02 

■I ('.'(ir) 


27-78 

21-44 

ft-OH 

21 -53 

-! 0-25 

it . . • 

28-80 

21-92 

0-08 

22-00 

(-fi-SO 

, .4 ! ,1- : . . . 

29-21 

23-Bi 

009 

23-93 

; .'1-28 

Idiufjiluito (perioil il) 






Hulloek-- - 






1 . . 

28-87 

20 10 

0-12 

20 22 



28-49 

21 -211 

0-00 

21 -20 

4..7-23 

J? , 

30 17 

23-55 

0-12 

23-07 

-i.o-ra) 


1 29-33 

22-70 

1 O-IO 

22-SO 

' 0.17 

1 


III ri'jjjud to the liiiie baltnice, the niiiiuaJs 
s-liow(’(l a (‘unsiileiably lu<i:licr relent iou in period 
■1 than in period 1. appaivntly due to tlie large 
intake of linio (under the. liagoinolasseH feeding) 
wiiieli was jiractieully doubled. In spite of the 
larger ingestion of lime in }>oriod 2 the jicreentage 
absorption was 23 a.s compared to 25 per cent 
in period 1. The phosphate intake was practi- 
cally the same in periods 1 and 2 but both absorp- 
tion and utilization were slightly better in 
period 2 than in period 1. the (hO/PsOgratios in 
periods 1 and 2 being 1 : 2 and I ; 1 respectively. 


DlOEOTIBlLITy AND NirrnJTSVK VALDC OF r.A<;0' 
MOLAHSKH 

.From the present ex[a*iiment it has been possi- 
ble to ealeulale the digestibility coe.nieients and 
the nutritive value of bagonudassivs. 'Die diges 
tildiity coefficient of the wheat -bran u,s<'d could 
be determined from the metalmlism data, of 
period 1. With a knowdedge of the digestibility 
values of I'oth wheat-bran and ivluuit /j/a/csv/. 
the digestibility cocfFiide.nt of la.gomolasses can 
be calculated by a process of ebmiinition from t he 
metabolism data for period 2. On the, basis of 
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the above calculation, the digestibility coefficient 
of bagomolasses for each animal has been set out 
in Ta,ble VII. The data in Table VII indicate 
that the average digestibility of organic matter in 
bagomolasses is 69. Amongst the constituents of 
organic matter neither the crude protein nor 
the ether extract is at all digestible. The diges- 
tibility coefficient of total carbohydrates, on the 
^ other hand, is fairly high , the average being 72. 
From the digestibility coefficient values thus 
obtained, the total digestible nutrients and starch 


equivalent values per 100 lb, of the raw material 
have been calculated to be 47-0 lb. and 36-9 lb. 
respectively. It may be of intca’cst to compare 
the total digestible nutrients and starch equivalent 
values of bagomolasses with those of the , common 
feeding stuffs available in tin’s country. This 
is done in Table VIII and it will be seen tliat the 
nutritive value of Ijagomolasses approximates 
that of gram liusk. Fagom classes is definitely 
superior in feeding value to common rougiiages 
like wheat and paddy straw. 


Table VII 


Digestibility coefficient of bagomolas ses 


Animal 

Organio 

matter 

Crude 

protein 

Ether 

extract 

Total 

carbohydrates 

Bullock— 

1 ■ 

67 

Nil 

Nil 

74 

2 . 

04 

Nil 

Negligible 

70 

2 . . . . . 

72 

Nil 

Nil 

70 

■ 4 . . .... ..... 

71 

Nil 

Nil 

74 

Average 

G9 

Nil 

Nil 

' .'72 . 


Table VIII 

’Nutritive value of bagomolasses and other feeding stuffs 


Name of feeding &tnff 

Digestible nntriente per 100 Ib. of dry material 

Digestible nutrients per 100 lb. of raw 
material 

Crude 

protein 

Total 

carbo- 

hydrates 

Ether 

extract 

Total 

digestil)le 

nutrients 

Crude 

protein 

■ 

Total 

digestible 

nutrients 

Starch 

equivalent 

Wheat hhum 

0-00 

46-75 

0-36 

47-57 

000 

42-8 

22-1 

Wheat .«tti’aw . 

0-00 

47-05 

0-58 

48-95 

0-00 

44-1 

21-9 

Rice .straw (poor quality) 

0-00 

40-71 

0-41 

4U62 

0-00 

27-5 

18-2 

Rice straw (good quality) 

0-00 

49-04 

()-52 

50-23 

0-00 

45-2 

29-() 

Gram hu.sk . . 

0-00 

59-59 

0-77 

01-33 

O-OO 

■' 55-2 

42-3 

Bagomola.sses . 

0-00 

58-20 

0-00 

58-20 

0-00 

47-0 

36-9 


3. The incorporation of l>agomolasses in the 
maintenance ration of Indlocks does not appai'ent- 
ly atfect the digestion of any (jonstituent except- 
ing protein. The protean digestibility is slightly 
depressed. 

4. The utilization of nitrogen, lime and phos- 
phate is not affected whiai bagomolas es is in- 
corj)orated in a maintevnance ration of bullocks. 

5. Bagomolasses does not contain any digestible 
protein or etber-extract. Tlie digestiljility 


Summary 

J . Bagomolasses as a feed for cattle is quite 
palatable if it is fed after being m i xed with a 
concentrate like wheat bran and soaked in water 
a few hours previous to feeding. 

2. The feeding of bagomolasses induces a 
considerable a, mount of diuresis which can be 
counteracted in large measure if common salt is 
freely provided, 


of its totaJ carbohydrates is 72. From 
tlio values of (lif-estibility coeffieients determined, 
the total digestible nutrients and starch equiva- 
lent ('uleulated per 100 lb. of the raw material 
are '17-0 11). and bd-O lb. re.s])ectively. In mitri- 
tive value, }.a<>omola.sses is thus (■()m])arable to 
jfrani husk, 
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BAGOMOLASSES AS CATTLE FEET) 


11. THE USE OF BAGOMOLASSES FOR FEEDING WOIIKTNG BULLOCKS 

By N. K. Ayyar and A. W. Zubery, Animal Nutrition Section, Imperial Veterinary Resoarcii Institute, 

Izatnagar > 

(Rncoived for publication on 29 January 1945) 

[1934] showed that wlien properly supplemented 


In the U. S. A. and other countries, cane-mo- 
lasses is being used for feeding cattle, particularly 
dairy and beef stocks. Morrison [1937], after a 
critical review of a large number ofreports, ha.s 
summarized the position as follow's : When rao; 
lasses is added to the ration of dairy cows, their 
milk yield is slightly increased, due more to the 
higher total food consumption induced by the 
appetizing nature of molasses than to any signi- 
ficant contribution of available nutrients by the 
added feed. Cane-molasses is also widely used 
for feeding beef-cattle in the sugarcane districts 
of Southern States of America. It has been 
shown that in a ration, half of the concentrate 
which consists of (^orn and other grains can be, 
replaced by molasses. Apparently, in such re- 
placement, no consideration is m.ade of the in- 
evitable withflrawal of a portion of the digestible 
protein present in the grains. It has been further 
observed that the total quantity of digestible 
nutrients in molasses is 30 per cent less than in 
an equivalent amount of maize, so that, in feeding 
value, 2 Ih. of molasses should be the equivalent 
to .14 lb. of maize,. 

In Hawaii, Henke [1933] in his study of cane- 
molasses as a supplement to fattening rations 
for swine observed that eane-molasses could 
replace up to 20 per cent of .rolled barley in the 
ration foi- fattening pigs. A study of cane-molas- 
ses as feed for dairy cows by the same author 


with high protein foods, cam'-molasses may 
safely be substituted for 25 p{*r (^ent of other con- 
centrates. Also, there avus no indication of 
decreased n'productive cfilcieTicy or increase in 
abortion. 

In Louisiana, Hnell and Taggart [1932, 1933] 
in tlieir study of blackstrap molasses as a feed 
for working mules observed that molasses was 
equivalent to corn grain and that it could be. sub- 
stituted up to 9 lb. for corn in a ration conta,ining.'^v 
ground whole corn, alfalfa bay and soybean 
hay. Heavy molasses f(‘eding sticmed to incrca.se 
sweating and 'winding'' of mules. 

In India, Singh and Singh [1934, 1935] liave 
carried out * feeding experinumts witli molasses 
obtained from the open-pan system of manufac- 
turing white sugar {Khfnulasari molasses). In 
these experiments both working bullocks and 
dairy cows were used and the, main cojiclusions 
arrived at were : 

{(() 2 lb. of molas.ses could siKutessfully no- 
place 2 lb. of maize in the ration ob, 
bullocks, 

(6) 1 lb. moiasses could rcphic.e I lb. of bran 
in the ra,tion of da.iry (a)ws without 
affecting the (piantity or tlie quality 
of milk, and 

(c) the re.plaee.rnent of the grain with molusses 
was possible <.)i)ly during wiute,. 
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monfclis ; in 8umma,r, the feeding of 
molasses liad a deleterious effect on 
the health of the animals. 

In a later publication these authors [ Singh and 
Singh, 1937 ] have further shown that as a feed for 
working bullocks, tlie factory molasses was as good 
as the khandamri variety. The conclusions drawn 
by Singh and Singh are, however, open to serious 
' ^ criticism. A careful perusal of their data shows 
that mitricnts in the control ration of the working 
bullocks were significantly more than those re- 
quired for maintenance and the type of work 
performed. The experimental animals, more- 
over, were adults and one could reasonably assume 
that the body-weights of these animals would 
not vary significantly even when they were fed 
at a higher level. Apparently, the change in 
body- weight, which took place in their experiment 
was of little value as an index to the influence of 
rations. It would have been quite possible for 
<<i^the animals to maintain the same trend of body 
weight, if 2 lb. of maize had been altogether 
absent from the control ration. As such, the 
replacement of the superfluous 2 lb, of maize 
by 2 lb. of molasses in the experimental ration 
cannot be regarded as evidence of the nutritive 
values of maize and molasses being equivalent. 
This, together with the fact that tlie total diges- 
tible nutrients in molasses are 30 per cent lower 
than in an equivalent amount of maize [Morrison, 
1937], affords strong arguments against the con- 
clusion reached by Singh and Singli. A further 
4 ^oint to be considered in this connection is, how 
far one can justify, particularly under Indian 
conditions of feeding, the ignoring of the digestible 
.protein in maize and bran, while advocating their 
replacement by molasses which does not contain 
any digestible protein. 

In this communication are reported the results 
of an investigation carried out to throw light on 
the following points. 

(1) Whether a molassed feed has any dele- 
terious effect on the health and work- 
ing capacity of the animals, and, 

^ (2) Whether the molassed feed is suitable for 

working stock. 

In order to secure information on the above 
points, cx]Dcriments were carried out on three 
lines to study (u) the effect of the addition of 
bagomolasses to an inadequate village ra,tion, 

(5) the effect of the addition of ),)agomolasses to 
the village ration enriched by a supplement and 
(c) the effect of replacement of gram husk by 

' ■ 
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bagomolasses from an adequate ration for work- 
ing bullocks. 

Chemical composition of bagomolasses 
Hie bagomolasses used in the experiments men- 
tioned above was cliemically examined and the 
percentages dry on matter basis are given below : 


Crude protein . . , 

Kther e.xtraot 

Crude fibre 

Nitrogen-free extract * ! 

Total ash . . 

(»-41 

i:j-(jo 

f)7-02 

Ifi-.'IS 


100-00 

Acid-soluble ash 

CaO . . 

WO 3 ... j .* 

11-04 

1-25 

O-lfl 


A perusal of the data given above would show 
that the protein content of molasses feed is low 
and comparable to that of a dry roughage such 
as wheat bhusa. Unlike the dry roughages, 
however, the crude fibre in bagomolasses is prac- 
tically one-third of what is present in the former 
feeds. The outstanding feature in bagomolasses 
is the presence of a large percentage of nitrogen- 
free extract Mdiich is mainly composed of easily 
absorbable Sugars. The amount of ether-ex- 
tract present in molasses feed is negligible. Turn- 
ing to mineral constituents, it may be seen that 
bagomolasses is rather rich in total ash nearly 
68 per cent of which is acid soluble. In the acid- 
soluble ash constituents, there is an extraordinary 
preponderance of lime over phosphate, the former 
being ten times the latter. The chemical 
composition of bagomolasse.s as set out above 
indicates that this material cannot be put in any 
definite category of feeding-stuffs available in 
this country. Because of its low fibre-content, 
it cannot be considered as a rougliage although. 
It resembles a roughage in its poor protein content. 
For its rather large nitrogen-free extract content, 
bagomolasses can be assigned a place with gram 
or oats. 

Experimental 

Twenty-four healthy working bullocks of tlie 
Hariana and Dhani breeds were selected and 
divided into three groups of eight for each of the 
three experiments planned above. Eacli ginup 
was again divided into two sub-groups of four 
each, so that while one sub-group was recciviog 
the control ration, the other re(;oived the exjierf- 
mental ration. In order to make the two rations 
strictly comparable, one animal of each group 
had a mate in the other of the same breed and 
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closely appKJxiinatiug in age, live weight, and 
gpuei’ii] condition, .Fiij'tlicrmorc, to avoid any 
diSjOarity in the work performed, one animal 
from each grouj) was combincil to form a pair for 
the yoke. The animals performed medium type 
of work; i.o. about six hours a day. The work 
mostly consisted of plonghing and occasionally 
carting. Tending experiments were started on 
2 April 1912. Towards the beginning of 
May, there was an outbreak of foot-and-mouth 
disease amongst the cattle at Izatnagar. The 
animals under this investigation were also affected 
and it was necessary to discontinue them from 
work. The scheduled rationing was, however, 
maintained, although in considerahly restricted 
amounts. Towards the end of June, all the ex- 
perimental aziiinals recovered frozn foot-and- 
mouth di.sease and the i’outine drawn up uiuler 
the different investigations wa.s restored immediate- 
ly. By the middle of September, a series of 10- 
ciay metabolism experiments was completed, ffu’ 
the different groups of animals. TJze experi- 
ments continued up to 22 November 1912, when 
the investigation was stopped. During those 
experiments observations were recorded on the 
following points : 

(1) Food consumption. 

(2) Cliange in body weight. 

(3) Worldng capacity and general luialth. 

In the metabolism experiments observations 
were made on the nitrogen balance of lud.h con- 
trol and experimental groups of animals in each 
of the three lines of investigations planned. TJie 
nitrogen-balance studies wore considered necessary 
to supply a more exact information regarding 
the usefulness of bagomolasses either as an added 
item or a substitute in the ra, lions for working 
animals. During the course of metabolism ex- 
periments, some of the ainmals had to be drojzped 
out as they became indifferent to their food on 
account of a peculiar sensit.ivoness to the meta- 
bolism harnesses. In the metabolism studies, 
therefore, actually 18 animals were used six 
for ea,ch investigation. The introduction of 
bagomolasses into the diet of all the experimental 
groups of animals was made gradually and within 
a short time the animals could he easily induced 
to consume 4'5 lb. of it. 

Results and .discussion 

T. The efjed of I he addition of bagomolasses to 
the irudeqnale village ration 

The rations for the control and experimental 


groups are shown below : — 



(.'otitrol 

KxjK'i'imci 


jj;nnii) 

group 

Ci'iislicd ffJam 

. 2-/) III. 

2’.'» Ih. 


II). 

l-2:i 111. 

BiijfomolasHUH 

. Nil 

4-r) Ih. 

Wli(*at bkma 

, Ad lib. 

Ad lib. 

Common alt 

. 2 OK, 

2 oz. 


The control ration in this experiment has been 
considered as a typical ration usually fed to the 
working bullocks in the villages of the United 
Provinces. A cahnilatioii of its nutritive value ' 
show^s that it contains 0*5 lb. digestible protein 
and 4*5 lb. starch equivalent which may bo con- 
sidered sufficient for the maiiiimuincc of the 
animals of 750 lb.— 800 11). body-weiglit selected 
for the experiment. .In fact Mie adequacy of 
the control ration for maintenance purpose 
was verified from a nilrogcn-balance exj|)erimeiit 
which had indicated lliat all the experimenljg, .= 
animals maintained a positive nitrogen balance.'' 
Theoretically, however, Uie ration was ijiade(|nate 
for animals reqiiii.'ed to jxnform medium type of 
work. In the experimenlal ration, 4*5 lb. of 
bagomolasses (equivalent to IkO lb. of molasses) 
has been added over aiul above the <iiianbity 
su])plied in the basic, e.ontrol ration, jfiio iii- 
trodiiction of bagomolasses has coutril>ute<i an 
extra quota of energy of a])out 2 Ih. This, toge- 
ther with tlie’ene.i:gy from tlic rest. oi‘ the ration, 
sup|)licd energy sliglitly more than what is theo- 
retically required by animals doing medium typ^jj, 
of work. ' ' * 

Food oonsmnjdion . The toial tlry matter con- 
simied by juiimals in the two feeding groups is 
shown in Table 1 . 


Table I 

'ToUd dry matter mnsimiption per animal per day 
in gm . 


Animal No. 

From ina(l<»- 
(|ual(' village 
ra,ii(Hi 

From inado- 
(liiatu villagf 
ration -|- .i 
hagoinolassc!.'.'*’^ 

I . . . 

1 (i,:$2a 

i 7,H8f) 

2 . , , 

(5,270 

(),f)25 

3 . . . 

! (5, .‘ion 

7,18(5 

Avoragu 

1 (),.‘ili0 

7,199 
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Tile data .show that the animals receiving experi- 
mental ration containing bagomo]a.s.ses apparent- 
ly consumed more dry matter than the animals 
receiving control .ration. However, thi.s increased 
consumption was fouiK-l o,n statistical analysis to 
be in.significant. 

Live weigid. Tlic animals on control ration 
were found to lose weight g.fadua]ly as the time 
of feeding progressed. Tlieir average weight 
at the start of the experiment was 785 lb. and 
decreased by tlic end of the experiment to an 
average of 730 lb. On the other hand the animals 
on experimental ration maintained a more or 
less constant body-weight. Their average body 
weight at the beginning of the ex])eriinent wa.s 
801 11). and at the end, 800 11). However, when 
the change in live weight of the two groujrs was 
.statistically examined the difference between the 
two groups was not signilicaiit. 

Nitfogcn-balmtce. The nitrogen-balance of the 
two grouj)s of animals has been set out in Table II. 


Table II. 

Effect of hago'imlcmes on the nitrogen metabolism 
of working bullocks 





Nitrog(ni 
excretion j 

Balauee. 

EsixiriiuRiit I 

No. 

intake 

gin. 

111 faces 
gin. 

In urine, 
gni. 

gin. 

Village! ration . 

1 

'.100 '24 

39-90 

()l-0(! 

—0-72 


2 

0!l-84 

40-44 

51-50 

-I-1-S4 


a 

lOO'OO 

45-0.'; 

50-10 

— Iri2 

Averasjf; 


‘ lOO'l ' 

43-8 

50-3 

+0-0 

Village ration + bago- 
molaBBes 

1 

lOS-lS 

41-97 

45-66 

+20-55 


e 

98-31 

32-29 

45-90 

+19-00 


3 

103-10 

38-89 

48-60 

+20-65 

Average 


103-2 

37-8 

45-l' 

+20-4 


It is apparent from Table II that the animals 
on, control ration wore not faring too well, two 
out of three being, in fact, in negative balance. 
When bagomolas.se.s was added to the village 
ration at tlic rate of 4-5 lb. per animal per day, 
the .nitrogen balance ro.se to sucli high positive 
balance as 20*4 gm. per animal per day. This 
unique retention of nitrogen was observed in all 
the three animals. A perusal of the nitrogen- 


balance data shows that although the ingestion 
of nitrogen under the two feeding conditions was 
practically the same, both digestion as well as 
utilization were significantly higher wlien bagomo- 
lasses was added to the inadequate village ration. 
Obviously the carbohydrates in bagomolasses 
helped not only in the better digestion but also 
in sparing protein under the working condition. 
This observation on the increased digestibility 
of protein is contrary to what was found in animals 
at rest [Ray and Talapatra, 1945] and requires 
further confirmation. 

II. The effect of the addition of bagomolasses to the 

village ration enriched by a sugrplement 

The purpo.se of this experiment wa.s to find out 
whether bagomolasses could be added with any 
benefit to a poor village ration which had been 
already enriched by a commonly available feeding 
.stuff like wheat bran. 

The rations for the control and experimental 
groups of animals are .shown below : 


(iniMlii-d gram 


Control 

group 

2 lb. 

Experimontal 

group 

2 lb. 

f’aiie oake . 


I lb. 

1 lb. 

Wheat bran 


3 lb. 

3 lb. 

JJ:i,goiiiolaH.SCs 


. Nil 

4-5 lb. 

Wheat-6/H(sii 


. Ad lib. 

All lib. 

Common salt 


. 2 oz. 

2 oz. 


Since the body weights of the animals in these 
groups were .slightly lower than those of the animals 
in the previous investigation, a slight reduction 
in the amounts of crushed gram and rape cake 
fed to these groups was necessary to keep the 
digestible protein level the same as in animals 
in the previous lot. 

In the previous experiment it had been shown 
that when the animals were made to work when 
fed on the poor village ration the negative nitro- 
gen balance indicated a catabolism of body tissues 
to supply the necessary energy for working. It 
was considered, therefore, that when an extra 
amount of concentrate in the form of wheat bran, 
which is easily available in the countryside, is 
added to a poor village ration, the cataboli.sin 
of body tissues can be altogether stopped or at 
least reduced. The addition of wheat bran in- 
crea.sed the digestible protei.n supply by 33 per 
cent and starch equivalent by about 10 per cent. 
Even after thi.s enrichment the supply of energy 
was 25 per cent below the tvirmal theoretical 
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requirement. Since bagomolasscs was an energy- 
giving food it was tiioiiglit that the incorporation 
of this item eVeu in a morliiicil village ration 
would ju'oduce a beneficial resulh 
Food oonmmpiion.: The total dry matter con- 
sumption by the aniiuals in the two grou})S is 
shown in Table 111. 

Table HI 


Total ihij matter consmuption. aiiiinal per dag 

in gm. ^ ^ ^ ^ 


Aninial iN'u. 

1 Emm vMla.gc 
ration curuiln'd 
}»y a Kupplo- 
mcirli 1 

From villagi! 
ra.tioii onriohod 
by a. .siipplc- 
moiit -| - liago- 
moluK.st:'s 

1 . 


4, (50.5 

<5,10.') 

*>. 


.5,107 

5,(500 

ij . 


4,070 

5,7S0 

Avera^ge 

4,0:i7 

.5,850 


The data show that the con.suni]jtion of the 
ration was higher (about 19 per cent) when bago- 
molasses was included and this higher consump- 
tion was found statistically significant. 

Live weight. The live weights of the control 
and experimental groups showed that it was 
practically the same under the two feeding con- 
ditions. 

Nitrogen balance. The results of the nitrogen 
balance are given in Table IV. 


Table IV 

Bffect of bagmnoJasses on ike nitrogen metabolism 
of worlcing buUoch 




iNitrogen 

1 intake 
(gm.) 

Nitrogen | 

excretion 


lixperlment II 

No. 

In faces 
(gm.) 

In m-iiic 
(gin.) 

(gm.) 

Enriched village 
ration 

1 

•JL81 

32-88 

61‘67 

+10-36 

2 

98-76 

34-09 

47-87 

+16-80 


3 

97-31 

40’07 

1 '46-47 

i +10-77 

Average . ' 


97-0 

35-7 

l_48-6 

+ 12-(V 

nnriclied village 

1 

101-01 

83-56 

47-17 

+18-28 

ration + bagomo- 
lasses 

2 

97-07 

32-67 

47-57 

-1-16-83 


3 : 

98-25 

29-14 

42-67 

+26-44 

Average 


08-8 ^ 

32.5; 

.4f>-8 j 

+20-5 


It will bo seen that t he animals n'.ceiving the 
control ration shoAved a fairly inarkcal positive 
balance of nitrogen. Apparently, the poor village 
ration could bo improv<Ml by the iutrodnetion 
of wheat bran. It has alnardy been nie.niiotiC(i 
that even after the onricJmKmt of flic* poor viallg(‘ 
ration, the energy sii])ply Wius :ir) j)cr ce.iit ladow 
the normal requii’oinont. This appan'.nt defi- 
ciency was compensated by the highe-r {(fiofa of 
digestible protein siq)plicd in Ihc modified ration. 
This extra protein perhaps met the (‘iicrgy re- 
quirement for work. When bagomolasses was 
added to the modified village ration there was no 
apparent beneficial effect. The average reten- 
tion of nitrogen however increased from 12*G gin. 
(on modified village ration) to 20*5 gm. (on modi- 
fied village ration -1- bagomolasses). In this 
case also the higher retention wuis due to tin*, 
combined results of better digestion and uf.ilii^a- 
tioii. 

III. The effect of replacement of gram husk bg 
bagomolasses in an adequate ration for working 
hulloeks 

It lias been mentioned in part I of this series 
[Ray and Talapatra, 1945] tliat bagomolasses 
is comparable, to gram husk in nutritive value* 
In the present investigation, an experiment was 
planned to study the effect of replacement of an 
c([uivalcnt amount of gram liusk in a flieoretically 
adequate ration for working bullocks. 

The rations for the control experime.ntal groups 
of' animals arc as follows : 



tJontml 

/n’oop 

.Mxp(>rim«-u(al 

i'a'ouji 

(Jraiu husk . 

. 4-5 lb. 

Nil 

\Vlicat bran 

. 55 -0 lb. 

:5-0 lb. 

MHi/.o 

. e.-o lb, 

2-(i lb. 

Ka.pe cako . 

- . 2-0 Ih. 

2-0 11). 

Ankma 

. 2-0 lb. 

2-0 11), 

lja.gomolaaH(^8 

. i\'il 

4-5 lb. 


. Ad lit,. 

Ad lih. 

(iommon .salt 

. 2 03 . 

2 0 /,. 


Food consumption. The total dry matter con- 
sumption by the two groups of animals is shown 
in Table V. 


N. K. Ayyar and a. W. Zubery 
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Table V 


Total dry matter amstvnvptioti per ammal per day 
inym. 


ATiimul No. 

From fui iulo- 
cjimUs i jition 
when; gram 
liiisk is 
iiipli'dcd 

Fnirn fin adc- 
ration 
wheti* gram 
hmlc‘ is 
inplared l>y 
l)jigomolas.sos 

i , . , . . ■ 

8,389 

8,005 

2 . . ■ ' . . ' , 

8,130 

8,257 

3 . . . . , 

7,884 

8,587 

A v{;rage . 

8,130 

8,283 


These, data show that animals in the two groups 
consumed prnciicaJly tlie same amount of dry 
mat.ter. 


Live ‘Weight. The effect of the two dilterent 
feeding conditions on the live weight of the two 
groups has been practically the same, except 
that one animal on tlie experimental ration show- 
ed an abrupt rise in weight towards the end of 
the experiment. 

Nitrogen balance. The nitrogen balances found 
in this experiment are shown in Table VI. 

Table VI 


Effetd 0 / hagomolasses ■ on idle nitrogen metabolism 
of loorking buttocks 





1 NitroKon 


i'n-poriiiu'nt in 

Animal 

Fitroffnii 

l-.XVI 

1 MUII 


No. 

(fim.) 

In t'iiecrs 
(gui.) 

III iirino 
(film) 

(film) 

A(l(‘<iuati! ration roii- 
tainiiiK "ram Imsk 

1 

.I38-0(i 

130- 7a 

r..S-32 

51-30 

40-80 

+ 33-53 

+31-.57 


;? 

13-1 ••St 

53-r..5 

49-70 

+31-53 

Average 


]3C-7 

55-2 

49-4 

+32-2 

A.lciiuatr ration when! 
grain husk is 

rrptafisl liy l,mgo. 
nr:i)aHsi‘.s 

■',1 j 

t.30-(!7 

r>3-i)7 

.'i2sS0 

40-40 

r)l-70 

-130-2.1 

+28-02 


3 

.i3r>-()7 


.51-30 

+33-32 



— 



— 

— 

Averago . 


133-.S 


4!)-9 

1-30-5 


From the closeness of tlie two values of nitrogen 
retention it is evident that gi-am husk could be 
successfully replaced by bagomolasses. 


Health and working capacity oe the 

ANIMALS 

The health of the experimental animals fed 
with and without bagomolasses was apparentlv 
normal. As lias already ])een stated, all the 
molasses-fed animals maintained their live-weights 
during this sliort period but wlietlier they would 
have done so for longer periods could only be 
determined by carrying out long-term experiments. 

A close watch was kept on the working capacity 
of the experimental animals and controls. The 
conclusion drawn from this short-period and 
admittedly empirical observation is that the 
groups of animals receiving bagomolasses exhibit- 
ed a working capacity which was comparable, 
if not superior, to that of their yoke mates rot 
receiving bagomolasses. 

In spite of the animals getting a fairly large 
amount of salt (2 oz. a day), the urinary excretion 
as shown in Table VII was significantly higher in 
the bagomolas.ses groups than in the control 
groups. 

Table VII 


Total icrinary excretion per animal per day 


__ 

Animal 

Vol. of urine excreted 
per day In c.c. 

experiment; I 




(«) Village ration at work 

1 

0,15.5 



2 

4,390 

"Average 5,21.8 


3 

5,109 

. 

(h) Village ration -1- Mgoiiio-- 
iasses .-It work 

1 

6,489'’ 



2 

7,283 

-• Average 6,817 


3 

0,580^ 


nxpt-rinient TI 




(Vf) -Eilrielied village ration, at 
work 

1 

0,009' 



2 

4,333 

"Average 4,970 


3 

4,rf«4_, 


(5) Enrif-hed vill.-ige ration -h 
liagoinolaHses at work 

1 

0,702" 

7,831 

7,128, 

"Average 7,220 

Expcn-iinent III 




(«) Adecinate ration eontainiiu; 
gram liiisk at, work 

1 

r..r.,n 




4,290 S 
5,17-1 J 

-Avei-.-ige 5,012 

CO Adequate ration, gram Inisk 
replaced Py liagornolasses, .-it 
work 

1 

0,493' 

8,445 

-A”i"'age 7,2-83 


3 

0,910, 
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But, since Bie animal,? maintained their live 
weights and general condition of health, this 
slight diuresis , seems of no consequence. 

Summary 

An inadequate village ration for working bullocks 
can be improved by supplementing with bago- 
mola,sses without inducing any bad ettect on the 
health. The higher retention of nitrogen in the 
supplemented feeding suggests that when the 
energy-deficient typical village ration is fortified 
by adequate amounts of energy-giving food like 
bagomolas.ses, the necessity for the costly protein 
concentrate can be considerably curtailed. 

In an adequate ration of working bullocks 
gram husk can be economically substituted with 
bagomolasseii without any ill-eftects on the animals. 

The health and working capacity of animals 
receiving hagomolasses to the extent of 18 per 
cent to 27 per cent dry matter in the ration com- 
pared well with those of the control group.? during 
a short-term experiment. 
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A SUEVEY OF THE INCIDENCE OF HELMINTH INFECTION IN INDIA AT' 
THE IMPERIAL VETERINARY RESEARCH INSTITUTE, IZATNAOAR 
By H. U. iSrivastava, D. Sc., Imperial Veterinary Resesirch Iiietitute, Tzatiiagar 

(Received ibr I’nhlieation on 2.H Hovetnlter 1944) 


A,s a neces,sary prelude to subsequent experi- 
mental work on the control of the more common 
and important helminth parasites of sheep, goats, 
cattle and buffaloes, the Imperial Council of Agri- 
cultural Ke, search .sanctioned a scheme for a survey 
of the incidence and nature of helminthic mfectioiis 
of these animals in India. A part of the scheme 
was carried out, from 1 November 1940 
to 31 October 1942, at this Institute and a 
general .survey of the lielminthic infections of 
domestic ruminants in the Punjab, North-West 
Frontier Province and Sind was made. For 
the purpose of this .survey, material was collected 
from the slaughter houses for subsequent exa- 
mination and collections of helminths at the veteri- 
nary ito.spitals were also examined. Some speci-, 
mens of worms were also received for examination 
through the courtesy of the veterinary field 
staff. In the Punjab 21 districts were visited 
in the summer months, while in the North- 
West Frontier Province and Sind only Peshawar 
and Karachi respectively were visited just after 
the rainy season. None of these places could 
be visited jnore than onoe, 


Despite some serious liiuii.atious umhu* which 
the work was earrieti out, an exten.sive survey of 
the incidence, inten.Hity and naturi' of the lud- 
minthic infections of sheep, goats, ciittle and 
buffaloes was imwle, Ovm* ten thousand specimens 
of worms were exa, mined and. useful data cojjectf'd. 
In the Punjali a total of 191 sliei’p, 150 goats, 
58 heads of cattle and J9 buffaloes were examined. 
Out of these 134 (i.e. 7.1 per eeni) .shei'j), 93 (i.o. 
62 per cent) goats, 36 (i.e, 62 per omit) licads of 
cattle and IG {i.e. 84 per cent) ))uffaioes were 
found infected witli worin.s. At Karachi out of 
eight sheep, six goats ii,nd five lo'ads of cattle 
examined five slu'ep, four goals and three heads 
of cattle were found iiifccU'd wildcat Pi'.shawar 
12 out of 15 .sheep and all the eight goats exa- 
mined were .found harbouring hclinintlis. In 
Table I are indicated tlic nmnlicr of animals of 
each specie, s (examined, tlic mimbiu’ found inlccled 
and the incidence of inlVc.tion at the various 
places visited. In Talilo II are given the iia.me.s 
of the more common fiarasiti's, their inc.idcnce of 
infection in the various species of hosts and 
some general rcmark.s on tlnur di,st,ribution. 


H. D. Srivastava 

Table I 


Number of mdmah examinfd ami the ineiierwe of infeclim a! varirmB place, 


Locality 

1 . HOST 

Sheep 

Goats 

Cattle 


1 -Number of 

animals exa- 

ill 

Incidence of 
infection (per 
cent) 

Number of 

animals exa- 

O.cl 

S cS -iS 

S’S g 

Incidence of 
infection (per 
cent) 

JN umber of 

animals exa- 

III 

!2i 

1 “ i 

8§ 

C '.C 

|lf^ 

' O cS 

.. W 

P 

Ambala . . 

10 

8 

80 

4 

3 

7.7 

G 

,-5 

83 


AinritHiir 

8 

0 

7,7 

B 

3 

GO 






Dalhouaie 

6 

5 

83-3 

3 

2 

66-0 

2 

2 

too 


Delhi . . 

14 

12 

8.7-7 

G 

5 

83-3 

4 

3 

7,7 


i'. JFerozepur 

9 

7 

77-7 

7 

3 

42-9 

3 

2 

GG-G 

1 

Gnjaratiwala . 

8 

5 

C,2-B 

4 

2 

ftO 

. 

__ 



Gurclaspur 

B 

4 

80 

G 

4 

GG-6 





■ 2 

HiBsar .... 

4 

3 

IB 

3 

1 

33-3 






Hoshiarpm’ 

5 

4 

SO 

8 

3 

37-5 

__ 





Jhelum . , . 

10 

6 

(>0 

8 

G 

7.7 

__ 

__ 



Julhuider 

12 

8 

(if! 4) 

10 

7 

70 

4 

2 

.70 

3 

Kangra .... 

10 

9 

90 

4 

( 

100 

_ 

_ 



TCarnal .... 

10 

0 

tiO 

4 

2 

.70 

.7 

3 

GO 


Lahore • . . . 

28 

22 

70-0 

1.7 

11 

73-3 

10 

0 

GO 

8 

Lndhiaiia . . 

10 

3 

30 

12 

4 

33-3 

4 

2 

.70 


Lyallpur . 

0 

4 

()(!•() 

10 ■ 

It 

GO 

.7 

2 

40 


Murree . 

7 

0 

8,7-7 

G 

.7 

83-3 

3 

2- 

GG-G 


Rawalpindi 

0 

4 

(Ki-G 

M 

10 

71-4 

B 

3 

GO 


Rohtak .... 

4 

2 

BO 

__ 

_ 

— 

— 

— 




Slu‘iklHi{nti'a . 

9 

4 . 

44-4 

12 

G 

.70 

— 

— 



Sialkoi . 

10 

0 

GO 

9 

G 

GG-G 

7 


- 
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Table 11 


iHonifi more common 'pamsites and their incidence of infect io7i 

Host- ami nvimhor of animals exfirainod in oaoh 


'NnniP of pnrasito 

Stinep 

21 1 

GoaUs 

104 

(tattle 

03 

RulTiilo(-.s 

19 

Iteniiirks 

Number oi 

caiiimals infec- 
ted 

Incidence ol 

infection (per 
cent) 

Number oi 

animals in- 

fected 

Incidence of 

infection per 
cent) 

Number of 

animals in- 

fected 

Incidence of 

infection (per 
cent) 

Number of 

animals in- 

fected 

I neidence of 

infection (per 
cent) 

Fasciola 

42 

20 

20 

10 

12 

19 

.5 

20 


Dicrocoelivm dendritinnn 

1<) 

1) 

10 

0 

4 

0 



In . hilly mu Is 










only 

('otyloplioron rofijhiphorum . 

.''.4 

2.5 

30 

18 

20 

32 

7 

37 


Paraniphisloniitw cerri . ' 

70 

30 

53 

32 

24 

38 

11 

fiS 


P. explanatiini . . . 

- 

- 

- 

- 

2 

3 

0 

:!2 


Gaslroihjtnx crinnenifer 

1)0 

4.5 

19 

30 

21 

38 

12 

03 


Protostrongijhts riifesrcns 

02 

24 

2K 

17 

__ 

__ 



In . liilly liai'li-. 










only 

Tdrlpomuhts fdaria 

34 

Ki 

23 

14 

..... 

... 




Jhicmonchns ctmlorlus 

1)2 

43 

4.5 

27 

18 

29 

r. 

20 


Mecistftcin'Ks digitatiis 


- 

-- 


14 

20 

2 

1 1 


Biuioslonutm spp. 

00 

2S 

3.S 

23 

19 

30 

7 

.•57 


Oasojdiagostomnnt a])]!. 

4.3 

20 

30 

1.8 

II 

17 





Tt lias not hcen possilile to collect sufficient data 
wliicli Cduld provide definite inldnnation on tlie 
incidence and intensity of lielinintliic infections 
at tile different places visited and tlie list of para- 
sites cDiupileil also cannot be. claimed to lie ex- 
liaustive, for a wide and more intensive survey 
in diflerent seasons, with better facilities, may 
furtlier Ining to light some more species of worms 
or indicate a biglier incidence of infection in farm- 
stock. This survey has, however, revc^aled a very 
widespread occnirrencH* of ludmintli parasil-es in 
sheep, goats and cattle in the Punjab, North- 
West Frontier Province and 8ind. Tlie data 
collected is likely to b(‘ of great value in the selec- 
tion of important parasites for immediate investi- 
gations with a view to combating the more serious 
losses due to helminthiasis in farm-stock. The 
paiasiles which need immediate attention, owing 
W their incidence of infection and economic 


importance are the livin’ lliikes {FasciolO: njip. and 
Dicrocoelinm dmniritienm, the latter in. tli(‘ hilly 
tracts only), amphistomes {('otiftoplioron coti/- 
lop/iornm, Paramphhtomnm eerni, P. ex'idanatum 
and Oafitrothylax cramcoi/ef), the lungwornis 
{Dicf,yoc(tnlvs Jiiaria and Protontmnyytas ////cs- 
ccw.s'), the stomachwonns {Ilaemo'ocJnis cuntortn^ 
and Mecistocirra!^ diyitains) the hookworms 
(Bunoi^fomnni spp.) and tin* intestinal nodular 
worm {Oeso'pliayoHtomntu sji}),). Small triclios- 
trongyles and hydatid cv.sIh ;u‘e ;i,lso fiiirly comniou. 

' Summary 

•A general survey of the lu'liniuthic infei’tions 
of domestic ruminants in tlii* Ihinjui). Nmih- 
West Frontier Provinci' iuul Sind wc.s made. A 
very widespread oi’ciirrence of lielmintli jKire.sites 
in sheep, goat and cattle in these e.nsi.s lias )»een 
revealed. 






UONl'ROL OF ACUTE THEILERIASIS IN CALVES IN THE PUNJAB 


By K. BAGHAVACUiARi, Ecsearcli Assistant, Imperial Veterinary Researcli Institute, Abbas Ali Shah, 
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In May 1940, we were called to attend a severe 
outbreak of acute tlieileriasis in, calves of less 
tlian tliree inontlis in age on a farm in the Multan 
district. On previous occasions the malady 
was recognized to have caused heavy death among 
calves on the farm. Locally the disease is known 
as kanpher ki bimari, i.e. illness with marked swel- 
ling of the parotid glands. It is produced by an 
cndoglobular parasite, provisionally identified as 
Theileria annulata. The disease is prevalent from 
March to September, and the rate of mortality 
from 1936 to 1939 ranged between 13 and 23 per 
cent. Up to June 1940, the rate had reached 10 
^K- per cent. Since the chemotherapy of tlieileriasis 
has not yet been developed to a satisfactory stage, 
it is merely intended in this article to deal with 
the control measures adopted in endeavouring to 
eradicate the disease. A brief description of 
the symptoms as well as post-mortem lesions 
is given so that methods of diagnosis may be more 
widely known. 

Symptoms 

The disease occurs in acute and in subacute 
forms. In. the former, the characteristic symptoms 
.¥f- arc dullness, di8cha.rge from the eyes and nose, 
raised body temperature (103°F. to 106°F.), marked 
swelling of the parotid, suprascapular and pre- 
crural lymphatic glands (Plate V, figs. 2 and 3), 
frothy salivation, constipation followed by diar- 
rhoea, ulcerated gums (as a result of which the 
calves cannot suckle) and a subsequent shrouding 
of the teeth (Plate V, fig. 1). About the third 
week, most of the calves die and in the remainder 
symptoms become subacute. In some fatal cases, 
respiratory troubles, sucJi as bronchitis and catarrh 
of the lungs have been observed. In the siib- 
aente form, the above symptoms are milder. 
• Ailing calves continue to suckle. The body tem- 
^ perature usually remains below 104°F. Faeces 
arc soft and yellowish in colour. Visible mucous 
membranes arc pale and anaemic. The eyelids 
and the surrounding regions are oedematous. 




Such cases, with proper care and nursing, are 
likely to recover after four weeks from the onset 
of the disease. 

It may be mentioned that gingivitis and stoma- 
titis are the most severe complications and render 
the animals unable to suckle. This results in 
loss of condition and progressive emaciation, 
leading finally to death. Another and les.s common 
complication is pneumonia. 

Lesions 

The condition of tlic carcase is jioor, mucous 
membranes are pale and in the maj(,)rity of cases 
subcutaneous ti.ssiies, including fat, are stained 
deep yellow. The gums are red and ulcerated 
and show a light-grey gangrenous deposit. There 
may be pneumonia. The pericardial fa,t is deep- 
yellow and the heart muscle pale. The liver is 
soft and icteric, petechiatod and greatly enlarged 
(Plate V, fig. 6). The gall bladder is usually 
distended and contains coagulated bile of dark- 
green colour. The spleen is soft and much en- 
larged. The urinary bladder often contains yellow 
coloured urine. The abomasum sho^vs charao 
teristic ulcerations (Plate V, fig. 5). It may be 
emphasized here that prognosis is favourable 
only in cases where the mouth lesions are not 
severe. 

Control measures 

Sen and Sreenivasan [.1937] tried several drugs 
for the treatment of experimental cases of tlie- 
ileriasis in hill bulls. Of these, atebrin (Bayer) 
was the only one which cured as many as 55 to 
57 per cent of infected cases, but they also noted 
that natural recovery took place to about the same 
extent. Since so far no drug treatment has proved 
satisfactory for thi.s disease, an attempt was made 
to control the arthropod vecto]’, viz. Hydlomittm 
aegyptnmi, with which the farm was found to be 
extensively infested. It h;i,s been proved to our 
satisfaction by one of us (H. N. .ll.).-that this tick 
is responsible for transmitting acute tlieileriasis to 
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young calves uud tliat the infection Ls trunsniitted 
iiereclitarily only in the adult stage of the tick 
and not in the Ia,rval or nyniphal stages. As 
fou]id hy Fotheringliani and Lewis [1937], this 
is quite different from wliat has been experienced 
in T, fami inffjction. 

The first ol)ject was to vsavc the new-born calves. 
For this pu7'pos(i. they w('re divided into two 
gnnips, viz. weaned at birth and un weaned. For 
the fori7ier, an area was rendered tick-proof by 
first digging u]7 the earth to a doptli of about 18 ill. 
and then burning dry heaves and grass over the 
diig-up area. Subsequently, a jnoat about 9 in. 
wide and 6 in. deep surrounding the area was 
filled with water. Attendants were engaged 
exclusively for this tick-proof paddock. It was 
observed that calves, which were detained here 
for three months, wej'c susecptible to infection 
when removed to an infected area, though none 
died. Iff)!' the calves of the second group, niorc 
elaborate arrangements were made. Cows in 
advanced pregnancy were isolaterl from the main 
herd at a place about half-a-mile away. Befori^ 
removing them to this segregation camp, all 
ticks on the animals were liand-picked, tlu'ir tails 
and ears dipped in, and rest of the body sprayed 
every third day with au arsenical solution con- 
sisting of soft soap 11 oz., liquid paraffin I lb. 
2|-oz., sodiimi arsenite 1 lb. 1 oz. an<l water 50 
gallons. hSeparate attendants and grazing pas- 
tures were arranged. Tliere were also se.veral 
calves which were weaned at birth, but were below 
two months in age. All these calvt'S were dif)j>ed 
in the arsenical solution using a Cooper’s portable 
swim-bath and housed in a paddock at some dis- 
tance from the main fariri. Dipping was done 
every third day as before. A few of tliese calves 
developed tin; disease, but at the first appearance 
of symptoms they were returned to the sick ward 
where they were given syjnptomatic treatineut, 
along with good nursing. The floor of tlui sick 
ward was covered with hay bedding about 4 
to 6 in, thick, to afford comfort and at the same, 
time to prevent them from licking the earth. 

Control bi/ vaccination 

In 1940, (uie of us (M. N. R.) observed that 
the introduction of dead parasites rendered healthy 
animals immtinc to subsequent inoculation cif 
virulent blootl containing Koch’s bodies. In 
the light of this ohsorvatioii, a vaccine was pre- 
pared by making a suspensifm i»i, 5 p('r cent for- 
malin of lymph glands and spleen from a heavily 


infected case on the fa,rm. Soon after birth, 
calves were vacciTiated subcutaneously with 5 
c.c. of this vaccine and kept in the tick“fro<', paddock 
for 14 days before being transferred to the tiok- 
infested area. Betwism May 23 and June 13, 
1940, 19 calves (7 females smd 12 males) were 
treat(‘.d in this iiUMiner. Df Mmstg Hi wewe trans- 
ferred to tJu'. tick-infested area the remaining 
three, being Imrn of heavy milk<>rs, wtwe d(‘ta,iue(l. 
in the tick-free paddock. Some of the e.alvca, 
14-21 days after being liberated in the ti<'.k-inr(.-H(;cd 
area, sliowt'd a rise of body tempera, turc, hut none 
of them died. As a control ('xperimenf., .seven 
calves born from June 13 and rluly 7, 1940, were 
liberated into the tick- infested ar(‘a within six 
to tw(n).ty-live days of birth. Of tliese, four es- 
caped infection and tlirei' dio<l ol ac-ute theiler- 
iasis. In August- 19'lt). smum calves were in- 
oculated with a dose of 10 c.c.. of the vaccine, ins- 
tea, d of 5 e.c, Kiv<i males from this batch wi'H' 
removed to tick-iuiested area, after the pnsscrilx'd 
period; a.Jid none of tliese culves showed signs of 
the disi'aso. 

The.s(' ohscrvat.ions on va,c(unation are. sugges- 
t-ive and encomaging but, since no .st-rict laboratory 
tests, such as tlie injc'ction of vac-cinated calves 
with, viruh'iit lilood, have yet Iumui made, wc re- 
frain from drawing (simdusions from these few 
fu'ld t,(!sis. 

In conclusion, we would like to .stress the value 
of a(loj)t,iug tick control measures on farms where 
outbreaks of acute tiu'ileriasis arc c-ommon amongst 
calves. The information so far obtained from this 
farm indicates that since the adoption of tick 
control measures, no further cases of tlieileriasis 
have boon detected. 

' Carrier ’ in tkdlcriasis 

A number of cattle in this farm showed parasites 
in the peripheral circulation without exhibiting 
clinical symptoms. Two experiments were j)or- 
formed on the ffvnn to test the infoctivity of 
‘ carrier ’ blood to young calves of susceptible agic 
The results were negative These experiments 
prove that the endoglobular forms of the parasite, 
as met with in carrier bloixl, represents the 
gametocytes ipid, as such undergo no .further deve- 
lopment in the veriebrate host. Ho that deve- 
lopment may proceed to the sporogonii*. part of 
the life cycle they must enter an intermediate 
host --chiefly an arthropod. .Lviilentjy, however, 
carrier animals are potential • sources of in- 
fection to clean IL aegyptium. Tiicsc, obse.rvations 
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fiirfciicr stress tlie imjjortaiice of tick control 
measures. 

Summary 

Metliods udopted for the control of acute tlie- 
ilenasis in c;,iivn;s due to Theilena annukita are 
described. 

Calves less tlcyi tJiree niontiis of age were the 
most suseepti))le, mortality rate among such calves 
between 193G and 1939 ranging from 13 to 23 
per cent. The vector of the disease is tick 
nyalotmna aegyptium. ’ 

Control measures oonsistod in koenine calves 
weaned at birth iii tick-proof paddocks for at least 
three months. 

The liberal use of tick-dip was practised both 
lor young calves and their mothers in order 


to keep down the number of ticks in the 
larm. 
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TEANSMM of PASTEmKLI/W| K ME ILBiS (CTBNOOMPBALIDBS 
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The general association of pasteurellosis 


: l«*»wuxeiiosis with 

the seasonal f arc-iip of fleas has been stressed 
by Mehra [194uJ m an article presented to the 
Science Congress. Sen 
- L1926J .suggested the possibility of fleas acting 
as mechanical transmitters of haemorrhagic sep- 
ticaemia because ol the morphological resemblaiic^e 
between the organism of human plague and that 
of haemorrhagic septicaemia and also because fleas 
arc active agents m the transmission of the former 
from rat to rat and from rat to man. Daubney 
Hudson and Koberts [1934] succeeded in trans- 
mitting the disease experimentally from mouse 
to mouse with CtenocephakiB fdis. Mehra [19411 
^^dllle working at this Institute, found thU the 
disease could be transmitted from rabbit to 
rabbit by this specks of flea. The main object 
ol the present investigation has been (i) to confirm 
tJie findings of previous wwkers as regards the 
transmission of pasteurellosis by fleas in rabbits 
and (..) to test the possibility of the disease beimr 
reproduced in bufffilues through the agency of 
these insects. ^ 

IhlSTEURELLOSIS IN RABBITS 
Preliminary experiments were imdertaken to 
determiuG the course of bacteriaemia folloiving 
an artificial infection of rabbits with Pastexirdla 


sephm,^ to find the best time for liberating fleas 
on the infected animal, and to determine the most 
^itable time for mooulating the donor rabbits. 
While fever is usually a reliable index of baoteriae. 
mia, microscopical examination of suitably^tained 
mood smears would be a more positive proof 
Kraiieveld and Djaeiioedin [1928], ' Marking on 
l asteureUa sephm infection in buffaloes have 
sliowii that rabbit inoculations are often 
positive when microscopical findings are 
negative. *= 

111 order to determine tlic points at issue, three 
adult rabbits were used. After ascertaining that 
their temperatures were normal, they were in- 
oculated subcutaneously with 1*0 c.c. of a 24 liour 
broth culture of a virulent strain of P. 

(of bovine origin) at 10"^ dilution. Blood cultures 
were made at various intervals after inoculation 
and at the same time rectal temperatures wo're 
recorded and blood smears stained by Leish- 
mans method. For culture, 0-1 c.c. blood from 
the ear vain was taken into 9-9 c.c. of Rincmr 
solution; from this, ten-fold serial diJutioiis vv^rc 
plated in 5 per cent serum agar. Counts were 
made after 24 hours at 37“C. The results are 
shown m Table 1. Rabbits died, from 14 to 18 
hours after infection. Cnltural and microscopical 
exarmnations gave the following results: 
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Table I 


Bacfe.riaemia in rabhits ajlcr P. septutiii infection 


Ral)])i(i 

Time . 
after 
inocula- 
tion 
(hour) 

Body 

temperature 

m 

Micros- 

copical 

examina- 

tion 

Organism .s 
pet C.C. of 
blood (in 
thousands) 

1 

3 

102-6 

Negative 

0-1 



102-2 


0-2 



102-6 

' 

1-9 


, (■) 

103-6 


: 11-5 

2 

7 . 

102-4 

SJ 

1 2-3 


9 

105-0 

>5 

5-1 


11 

105-2 

l*c)sitivc 

150-0 


14 

105'4 

35 

3500-0 


16 

101-2 

35 

303000-0 

3 

TO 

104-0 

35 

96-0 


12 

104-0 

5 5 

2700-0 


14 

103-4 


30600-0 


Jroni Tublo I, it is soou tliut tlio orj^'jijiisius 
begin to appear in tlio circulation about four liours 
after inociiliitioii. the bacteriiioniia becoming in- 
tense after J 1 hours and persisting till deatli. The 
bacteriaeniia, is of progressive type, its int(iusity 
being in inverse relation to the interval before 
deatln As would be expected, microscopicid 
.examination of blood smears in tiie initial stages 
is not 'dependable, but the presence cd bip<ilar 
organisms in smears indicates an intense l,)acteri- 
aemic condition. The blood jmiy con.laiu lu'fore 
death an enormous number of Imcteria, e.g, more 
than 300 million per e.c. Any suctorial insect 
feeding on such an infected animal till tleath would 
thus certainly infect itself very heavily. 

Handling of fleas. Pleas were collected Itoiii 
local pariah dogs by combing or iiand-plcking. 
Enclosed in cloth bags surrounded by cotton wool 
and kept in cigarette tins at room “ temperature , 
the fleas survived for 24 to 36 liours. Those kept 
in flasks, with plouty of hair from dogs and pieces 
of filter paper, survived in a fasting condition for 
five days or more at 22'’C. and relative humidity 
80 to 90 per cent. 

Before the feed, fleas were fasted for at least 
12 hours in the first few experiments, the fleas 
were fed on small closely clipped areas of the skin 
along each side of the belly, botli the donors and 
receptors being held in position under an inverted 
funnel of convenient sixe. In later experiments, 
however, this method Avas abandoned, since it 
was found iiimcces.sary when the fleas were hungry. 
The fleas were placed on the donors when the 
Utter were showing numerous bipolar bacteria 


in the blood, and wmv bdl till half-an-hout 
"after the donors dcjitli. Tin' infec.ied Hcuh wine 
then collected, fasted for 6 to .18 hours, and tlu'u 
placed on the reci'piors. They were k('pt titub'r 
a fumud to make sure tbut limy fed and wove thru 
linally allowed to n'luaiii, on llie re('.<'ptor till death 
or otlierwise. 

tSpecinn'iis of Ih'as which had led on inleeP'd 
donors were ('Xinniimd at limes hn A/.sVrn/W/n., 
For this purpos)*, S(mi(> ten th'iw wove taiu'u at 
random after coinph'ting tli<> fe(«d and \v('re kept 
at22"’C, and relative liumidit.y 80 to 00 per cent 
until the remainder of tin* b;i,t(;Ii \vu.s used for a, 
tj-ansmission ('xporimeut. Tin' sample fh'a,s were 
tlmn washed with aJcoliol, dried and gi'ound in ;i 
mortar witli .saJiiU' and s('ria,l dilntfons plaited' 
in serum a, gar. Huj)pos{'d PasUutrelbf (adonies 
were picked and tesfci'd in mic(‘. Spi'cks of faeces 
Irom iidected lleanS wt're examined by a similar 
metiiod. 

TkANiSiMISSION E.yi’KRlMKNTS IN IIABIUTS k 

Piftet'M experiments wi'iv madedn tliia'c series. 

In the second aaid t.iiird serii's, tin' Ih'as collected* 
were, ustai in sue.eo,ssi\-e expi'riments, as long a,s 
iliere wi're any (h'as sui'viviiig atid jiosil.ive trans- 
missions w('re, appeai-ing. In tin* first series, tln'ro 
was a single exjK'riment, with 250 fleas. Tlie, 
si'cond series was sta,rted wil.h 450 fleas, a,nd fleas 
wore used in Mie live ('xporiiin'uts in babdies of 
45(), f,5, 34, 16 and 7 respectivc'ly. The, third 
S(n'i('s was startial wit,h 200 llea.s, aii<l there were 
nine experiments, tlie number of fleas used being 
200, 6J, 25, 14, 7. 5, 4, 2, and 1, The first expeii- 4 " 
meat (first seru's) gave negative, result, although 
the, fleas from tin; donor were pnnmd by e.ulture 
to contain PanteurcKa. In the second series, the 
first four experiments were pctsitivi', wliile that; 
with seven fleas was negative. !n t. In 'third series 
all experinieuts were, positive cxci'pt the last where 
only one flea was used. 

•hxPERlAlEjXTS IN YOUNU BUFFALOES 
Transmission froin one bullhio 1,o anot,her is 
usually imj)ractie.a]}l(; for various n'asons. It, 

^ extremely difiicult to collect; the infected fleas 
from a buflalo (hmor after death, as tin'y aiiandoti 
the host and hide in (hdiris oj' c,r(!vice's in walls 
etc. ; and one has to (lept'ud sohdy on tin; (diaium 
of infected fleas e.oming out again and l)i(,in" i.tic 
receptor whi(;h is u,c(u)niin()(hi,t.('(l in I, in; sa,nn; vnain. 

The use of di,siulect,ants iia,s to ta; a, voided, other- 
wise vectors will be, killed, and it is thus difli(!ult 
to avoid the possible infection of the receptor 
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tliroiigh tlip. donor’;-! oxoreta. iSecondly, to obtain 
an (‘iidiiring and (-.omparativoly liigh lovel of bac- 
lereainia in thn jxniplieral cinudation, Kiich as 
would bo ps.sonlia,! for a,!-;siiriu^': infootion. tlirougli, 
a transmitting agvnt. is difficult witli buffaloes. 
Rabbits bowevtn- are suitable {rnimais sine<^ they 
can 1)0 easily housed and handled, and when they 
are kept in. ghcss conttuners, the infected fleas 
ca.n easily be collect, ed after death of the flo.tior. 
Since th.e housing arrangfunents for tlie. donor 
and ree.eptnr are separate, the possibility of in- 
fection through infective excreta of the donor 
can lie easily avoided. 

The ri experiments carried out may be con- 
veniently divided into tlu’ee groups. All bidfaloes 
were under one year of agxn 

(h'ou'p 1 {One expc'i'inienf). In this an attempt 
was madti to transmit paste urollosis from one 
bidialo calf to another. The donor, liowever, 
failed to show PdKtevndla in the ]ieriplreral cir- 
.culation till death. ISleverthles.s when a rise 
in tempei-ature, (;>°F.) was obseiwed, 400 fleas 
were libe,rate(l and left till death, of the animal. 
Fleas collected from the dead animal were negative 
bacteriologically. The .T'eeeptor failed to '"show 
definite infection although it wa,B left in the closed 
room used for the experiment and whicli presum- 
ably still (tontaiued in fee, ted fleas hiding in cre- 
vi(5es, do])ris, etc. Discharges and other contam- 
inated articles only were ivmoved and no attempt 
was made a,t djsinlecticm. This experiment cannot 
be coin,sidered satisfactory, since for an unknown 
reason, the receptor died 15 days after exposure 
to the fleas. A careful cultural exaimhjation of 
its bone-marrow gave uegativ(‘ results. 

Grov]> JI. {Three er/jieriinenfn)- R;d)bits were 
Uvsed as donors and buffalo-ejdves as receptors. 
About 500 ileas were iise.d in (‘acli of the three 
experiment;-!. Tiiey w'cjv libemlod on the donors 
wdien a rise of temperature of had occurred. 
The Pasteurelfa-iniecied fleas, after fasting for 
one-and-n-half to two hours, wci'e fed on the rocep- 
tors (one huffdo in each ex])erimen1.) for one 
liour on a closely (•lij»])ed cii-cumscribed area of 
skin under a, funnel ami then finally liberated. 
Fleas collecteil from t.lie r(‘ee])for linffdoes on tho 
following day were shown t(j ('ontain PasleureUa. 
None of the three reeeploi- buffaloes sjiowed clinical 
symptoms and wm'o liberated from the experinienit 
a fortnight later. 

Group III {Peuen e.rperirne)i{s). Tlie number of 
fleas used in the ex])criments w'ere 808, 1,600, ■ 
1,000, 100, 2,0(KJ, 340 and 3,000 respectively. As 


soon as Pasteiirella were observed in the donor 
fleas whicli had been fasted for about 24 hours 
were allmved to feed till half-an-honr after the 
donor’s death. In six out of the seven experiments 
the fleas got an infective feed for a pcriorl of nearly 
five lionrs, wdnle in the seventh it was two hours. 
In one case only (experiment 2, wdth 1,600 fleas) 
wa.s transmission successfid. In experiment 5 
the receptor died after three days. There was 
slight oedema -where tlie infected fleas had fed, 
but })lood smears taken after death showed no 
bipolar orgaiiis.ms. Heart blood and bone marrow 
examined bacteriologically also yielded negative 
results. The spleen was sliglitly hae.morrhagic, 
endocarditis wms present and also slight liaemorr- 
hagic gastritis and enteritis. 

I NFRCiriVITY OF F.LEAS AFTEF VAllYTNG PERIODS 

OF FASTING 

Thirty-four lots of infected fleas, each containing 
about TO individuals, w^ere examined bacteriolo- 
gically after fasting for 1 hour to 120 hours. Table 
II shows the results. 

Table II 


hifeclinU^ of fleas after varying periods of fasting 


Pfi-ifxl of fasting 
(hours) 

Total samples 
examined 

Po.sitive results 
with 

] 

4 

2 ■ 

12 


1 

10 

1 

0 

20 

. ,3 


24 

4 

3 

.‘50 

2 

0 

40 

1 

1 

41 

1 

■ 0 . 

4:1 

4S 

1 

2 

1 

1 

SB 

1 

0 

00 

1 

0 

04 

1 

0 

07 

1 

1. 

72, 

.2 

1 

82 

1 

0 

84 

1 

0 

88 

1 

1 

90 

2 

0 ■ 

112 

1 

1 

120 

1 

0 


M 

15 
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Out of tlie 34: samples examinecl, 16 were 
positive. As would bo expected tbe proportioii 
of fleas found infected decrease.s with time since 
the last infective meal. More samples examined 
within 24 or 48 hours after the infective feed were 
positive than later. 

Excretion of P. haviseptica tn the faeces of 

FLEAS 

Eskey and Haas [1940] determined the pre- 
sence or absence of infection in the fleas by in- 
oculating their faeces into guinea-pigs. The role of 
infected faeces in transmission from animal to ani- 
mal or from animal to man by the rubbing of faecal 
droplets into abrasions or wounds has been pointed 
out by several investigators. In the present 
experiments the infectivity of six faecal samples 
was determined ])y (‘ult.ural examination. Three 
sara]fles collected from infected fleas a,t the time 
of tlieir second feed after 24 hours fasting were 
negative, while two out of three samples collected 
after 48 hours fasting were positive. 

Experiments to dei'ermine whether infec- 
tion CAN OCCUR BY INOCTTLATION OP INFECTIVE 
FAECES THROUGH AVOUNBS ARISING FROM HITES 
OF HEAL'rUY FLEAS 

Sample of infected faeces was collected from 
about 200 fleas at the time they were used for 
a second feed after 24 hours fasting. The sample 
was found positive on cultural examination after 
it had been allowed to remain at room temperature 
for 24 hours. In the second part of the experiment 
about 100 healthy fleas, previously fasted, Were 
allowed to bite liealthy rablnt for one hour on 
£t closely clipped area on it,s belly and a suspension 
of the infected faecal sample was then rubbed into 
the bites with a pestle. The raoveniente of the 
rabbit were then restricted so tliat the area could 
not be licked, Tlie rabbit died after 24 hours 
of pasteurellosis, 

Discllssion 

Out of the 16 expei'iments using a virulent ' 
PasteureUa. strain in ra,bbits, 12 gave positive 
results and under tlrese conditions evidently very 
few fleas were necessary for transmission. 

In yomig^ buffaloes, eight transmission experi- 
ments rveve negative, one was positive and two 
must be ]uit as doubtful. Since the method em- 
ployed w’ith buffaloes w^as the same as with rabbits, 
there appears to be no reason for the failure with 


buffaloes unless tbe vectors were incapalrle of in- 
oculating a siiflhnent numlrcr of organisms. If 
this is so the species of fleas used must be consi- 
dered an ineflicient veefor. .From culliiral exa- 
mination of infected batches of fleas which have 
taken an infective mca,l if/ semns likely that only 
a certain pn)portion of fleas arc', capable, of imbibing 
infection. According to .Eskey and Haas [1940] 
only 38 per cent of X. eheopu and 20 ]-)er cent of 
H. montanvs became infected in sj>itc of multiple 
infective feeds. On the other hand, .Douglas and 
Wheeler [ 19-13 ] who detovniiiKul the percentage 
of infected fleas by cultural and histological ex- 
amination report tha,t 90 per cent of these species 
became infec-ted. Douglas and Wheehw, however, 
consider that the cfliciency as a vector of a given 
species of flea is not solely didc'rmined by fhe 
proportion of fleas infected bill, is d(!])end(‘.nt on 
the multiplication of l)acilli in fhe alimenlajy 
canal of fhe inseef.. If- would be* of some interest 
to ascertain t-lie percentages of iufcetivif.y in (J.^Us 
and also w'betluu' P. sejitira multiplies in its alimen- 
tary canal. 

Daiibne.y, Hudson ami Bolierts [1934] have 
shown f.liat pastc'urellosis could Ixs ex]')erimentally 
transmitted in juic.e and rabbits. So far, the 
experiments recorded here eoiTol)orate their find- 
ings. Mohra [19-13] rc', ports a heavy mortality 
amongst rodents in a loealify where an outbreak 
of haeinori'bagie so])tieaemia oceurre.d and also 
the presence of a large .number of fleas in the 
burrows of rats. He further showed by ex- 
perimental field investigations that tlie fleas trans- 
mit the disease tlirough tlieir bites, but if, as 
suggested above, the inefliciency of Cfelis as a 
vector is estalilished, f.here remains little or no 
doubt tliat the flea in question, which in- 
cidentally is the common flea foimd cm cattle 
and young bufialoes, cannot be held responsible 
for outbreaks of haemorrhagic septicaemia. As 
an alternative vector, X. eheopis, the common 
rat flea, which has be(in i)roved to be effiinent 
in human, plague, sugge.sts itself. However, even 
if this flea is proved to be (upjally eflic.ieid-, in the 
case of haemorrliugie sejificaemiii, it would be dil- 
ficiilt to iiic-riminatc it, siniic l-his sj)e,<‘.li\s is not 
normally found ou ciiittle. And ussuming thii-t it 
may occasionally atta,c.lc caif.th^ if. would tlun) have 
to be ascerta,ined whether nsh'iif.s carry the organ- 
isms in cpicstiom It is of interest in this connec- 
tion to note that Ncuma.nn {,1963] isohited a 
supposed reprcvsenf {lid VC of f.lu'. PaHicuTcUa group 
from a wild .rat, Binillie [i92(r| also encountered 
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pasteurella organisms in normal rats, while Mevfi- • 

and Eirtcheider p926J isolated 54 strains of pa^te- bovines is trails- 

m-^hr ...nA . _l<iste mitte4 by_ the class of insect. Pasteurdla 

was found in the faeces of fleas fed on infected 
labbits and then fasted for 48 hours. The orga- 
msni was also found in the bodies of infected 
fleas which have been fasted for at least 72 hours. 


„ ’ n j U-X aurtuns oi paste- 

urclia, fi'om wild rats during plague eradiLlon 
measures along tlie Pacific Coast. In India, Rai- 
gopnlan and Gopalkrislinan [1939] recorded an 
ml bleak oi pasteurellosis in white mice. There 
as, however, no proof that these Pasteurella 
strains were pathogenic to cattle. In absence 

^ o type. Z. cJieopis 

could not be aceepted as a vector in haemorrhagic 
septic^aeniia. For the present, therefore, it can 
only be stated that C. fdis appears to be an in- 
eflicient vector and is normally incapable of trans- 
mitting haemarrliagic septicaemia in buffaloes. 

SlJMMAR,Y 

Experiments on transmission of P. srplira 
Irom rabbit to i-aliliit and from rabbit to Imffalo 
were tried _ using 0. filh, the common dog flea, 
liie experiments in labbits were positive and 
a very small number of fleas was effective. On 
'. he other hand, in 1 1 experiments with buffalo- 
es and bp to 3,000 fleas as transmitting agents 
eight failed completely, one was positive and two 
were doubtful. Since most of the experiments 
witJi buffaloes were negative in spite of optimum 
coiKlitions as regards the number of fleas and 
high virulence of the organism, it seems unlikely 
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blUDIlkS ON NEAVCASTL-P] (RANIKHET) DISEASE VIRUS 

SI RAIN DIFFERENOEB IN AMENABILITY TO ATTENUATION 

By S, Gakapath. Iyeb uiul Z. A, Ha, shmi, Poultry Rcsoarch Soct.io,,. ;[,„,»ri,,l Vnteriuarv Itanaxol, 

Institute, Izatiiagar ‘ 
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Iyer and Dobson [1940] attenuated an English 

strain of Ifaniklu't disease virus. This paper 
IS ba.,sed on further ivork on tJiree strains of Rani- 
kiiet dise.ase vii-us carried out at this Institute. 

AIA'IIOIUaVL and methods 
Tliree virulent strains of Ranikhet disease virus 
<lesignated as Junes i,_ ii and iii, received from 
widely sc.jiarated localities in this country, were 
wJected for study. The technique of Iyer and 
Dobson fl9Io] was used throughout. ’ Six to 
tweh'e-months old cockerels bred on the Institute 


farm were used lor the virulence tests. Fertile 
eggs for virus passage were also secured from the 
same farm. 

Results 

L'lne i. This strain leinained fully virii.leiit after 
69 successive passages, carried out over eleven 
months. 

ImeU. No change in pat hogenicitv was obtained 
by 32 serial passages (tarried out over five months. 

Line m. Table 1 gives the results obtained 
’ss ith passages caiTied out over 12 months. 
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Studies OH Newcastle 
Table I 


Vmikiice of (>(i(f~cnllurcd mrus 



r’{i..syfi<':ef; 

1 r’uwi iiiociihilkui i 

Immiiiutv If is 

Jti'inarks 

Toinl 
mini tier 
inucnlati'd 

N'uiuijor 1 
diml 

N urn Bn- i 
kui'vIvcmI 

Kurvivcil 

Niimlicf 

lUe.i 

Line ii 

1—18 

14 

13^ 

1 

1 

21:) 

1 

licit lUuiiklu'l 

lliwiOJC 

•fDiod oUicr causes 

■■ Bo.' ' . . . ' . ■■■ . 'j 

li)— 28 

27 ■ ■: 

If 

2(> 

]>o 

2!»-:ir) 

14 


8 ■ 

8 

r».t 

8 to 22 days 

1 iil’lct' inoculation 

1 ;i: 1 ded r.tuiiklict, 

j di.seiisc 

' || Sco diacu.ssioii 

: Do. . . . . . 

se— 

18 

18:1: 

“““^111 , 

. ™ 

Sub-line, ii {!>) 

:m— 78 

81 

f)8 ■ j 


Dlscussioe llowew'r, (Vimi the itiuvjy «*A}HTiBK}ntuJ, a.sjjeet' 

Lilies iuiicliii did not prove anienji hie 1oai:teniii> iieeessary to ilicw* deat lis us cither 

tion after C9 and 32 passages respectively in direclJy or iiidireclly uftnljutuhlc to tlu?- tt‘sl m- 
eggs. Line ii showed no change until the i.9th. oculatiuii. ^ ^ i i 

passage, when it appeared to have become attenua- passages ob to 1-1 all tlic inoculated lowls 

ted suddenly. Though the virus retained aullL 'h’vidoping Haui> 

cient virulence to Idl'l chick embryos, it did no disease. A complicating lactor in the m- 

apparent harm when injected into fowls hut render- b'l'pretat ion of these results was the. sjiontaneous 
ed them immune to Inst (loses of rli(ferejitstrain.s ot-eurivnco of llauikhet diw'ase in tlu* healthy 
of virulent Ranikhot-discase virus. These re- C'xperimentul birds were 

suits corroborate tlio.se of Iyer and D(.)bs()n [llMb] obtained. Furtlicr passages wein tlu^rclore, dis- 
who obtained an attenuated virus e.ajiablo of oontniuiul Ibr .stiinc linui and fn-sh Kubdines starte<^ _ 
immuniiiing birds after 33 ])as.sages in one ease previous jiassugn materials stored m 

and 1 1 in the other. The cause 'of variations in refrigerator. The. following insults were 

the number of passages rccpdivd for attemiatioii obtained with sub-line ii (B) picked up from passage 
is, as yet, unknown and needs further study. Tlu?i ^otal mimlx'i* (»r 81 fowls inoe.ulated 

attenuated virus (Line ii) obtained after the B)th between passagess 3} to 78. 58 or 71-7 jier cent 
passage retained its antigenic properties for nine survived and 23 or 28-:-> ]ier cent died. These 
more pssages and immunized 26 of 27 birds, results were e.ssen1iully similar to lliose obtained 
One bird died from other causes prior to being passages 29 to 35 {.supra) indicating the neees- 
tested for immunity. From the 29Mi passage of niore work hefom this attenualod virus 

another change was noticed in the bchavajur of «Lccessfu]ly employed as a vacc.ine. .Ml 

the virus, viz. six out of 1 t fowls inocnla.ted survivors proved solidly imniuiu* to viruleiit 

with passages 29 to 35 died 8 to 22 days after virus, (ixcept four fowls which devadopisl paralyfus 
inoculation, wherea.s ordinarily death occurs five ‘rfter tin*, attemiatisl virus inociilatiou and ulfi- 
days after inoculation witli the virulent virus. wiaUdy died duriug the immunity le-sl. Thi.*<^ 
K'oiie of these birds shelved the typiieal clinical or immortality, hoivevcr, wa,s evideuily tlu^ result of' 
post-mortem apearaiice of Ra-uildict disease. It primary iuocidalion. 
was noticed in individual passages ilmt out of two 

fowls, receiving a similar inoculu’m, one succumbed Hummaby 

and the other survived, Tlii.s may have been L Details are givi'n of the b(*iia.vinur of ihreo 

due to the resuscitation of variou.s latent diseases. Indian strains of Ranikhet disease virus during 
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successive egg-passages. Two strains, Lines i 
and 111 allowed no evidence of attenuation after 
69 and 32 passages respectively, while a third, 
Line n, was attenuated after 19 jiassages. 

2. Jrorn. lOtli to 28t}i passages lane ii virus 
had no apjiarent liarmful effect when injected 
into fowls and rendered them imninne to test 
doses of different strains of virulent Jlnnikliet 

w disease virus. 

3. .P’roni the 29th passage onward, the atten- 
uated viriis^ gave irregular results. Frequently 
out ol two lV>wls receiving a similar inoculum one 


died ^ and the other survived, suggesting resus- 
citation of latent conditions and indicating the 
necessity of further work 
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PHE OCCmRENCE AND SPlRExiD OF FOWL CHOLERA IN INDIA 

By B. (,'AXAmvri-iv Tver and Z._ A. Hashmi, Poultry Research Section, Imperial Vetei'inarv 
Research Institute, Izatuagar 
(RectnAa^d foi puMieation on 12 Jtininrry llirA) 


' Earl}' records of poultry inortalitv in India 
are the Jessore and Aiadras oiffhreaks (IS! 7 
and JS2S) mentioned by Raymond [I9JI] and 
the Calcutta outbreak (fowl cholera) reported 
by the Indian Cattle Plague’s Commission [1871], 
Lbitil the outbreak oi Ranikhet disease in 1927 
[Edwards, 192HJ. fowl cliolera was being re])nrtcd 
as the duel cause of fowl mortality in this eountr\', 
though fowl_ spirochetosis was also well known’ 
Since the diagnosis of Ranikhet disease, miieli 
less promineiuu- has beim given to mitbivaks of 
fowl cholera. 

^ Jn the course of a three-year's disease survev^ of 
the greater part of this country, it was not possilde 
to find fowl cholera iidection e^a•n in a single 
widespread <‘pizootic among fowls. Further, all 
the matei-ials suspected fo\- fowl cholera wliori 
tested in tin’s section liave proved negative. 
However, in two localities, relatively near the 
ia])oralory. limit(‘d cn.^ootics of fowl cholera, 
causing insignificant mortality, were ob.seiw'ed,’ 
and authentic .strains ul Past, aviscpiica recovered. 

From this siuvey two significant conclusions 
emerge : (i) that (-ontrary to common belief, 

A b)wd cholera occurs infmiuent ly ; and (ii) that, 
in this country, widespread ('piy.ootics are not 
a lea. I lire of fow'I cholera. The fact, that Past, 
arlscptica eiadd lu^ isoJatiai in outbreaks froni 
two mairby loealitiis, led us to scrutinize the 
present imUliods employed ])y field workers for 
diagnosing the di.sea.si^ and to investigate the 
various factors affecting the viability of the 


organism in the sirspected material during transit. 
1 lie .icsiilts ol oiir inve-sflgutions suggest a po.s- 
sibilit} that the disease, in its enzootic form may 
b(' somewhat more prevalent than has ])eon 
indicaited ])y our .survey. ' 

fil’IZOOTIOLOGY 

Lit-tlo attention has been paid in this country 
to the epizootiology of thi.s di.sease. Sporadic 
outlavaks iiave ociaisionally been recorded, many 
of which were jirobably wrongly diagiio.sed on 
the strengt.i) rd naked-eye and miciuscopical 
examimdion of autopsied birds. Information 
regarding .sources of infection and methods of 
.spnsad of jowl cholei'a is .scanty, although these 
constitute pre-reciui.site.s for eradication or control 
of the disease. 

Past, (mseptica posse.s.se,s low pow'ers of resis- 
tance to inimie-a) ageneie,s — phy.sical, chemical, 
and biological. The exi.stence of the so-calleii 
sapropijytic forms of PusUmreUa. found in .soil, 
has been (jue.st.iouod [fintyra, IMarek, and Man- 
ninger, and soil can iiardlv' be regarded 

as a re.servoir of infection. During field observa.- 
tions on .spontaiu^unsly -occurring fowl cholera. 
Pritchett, Reamhffie and Hughe, s [1930] found 
hcaJt.iiy jiullets, which were survivors from a, 
jircviows outbreak, i,o Ua the foci of infect ioJi 
a.s they carried the organi.sms in the uppm- re.s- 
ph-atory ti-act. Other workers [Smith, 1891-02 ; 
Klein, 190G ; Didvruif, 1922; Web.ster. 192-^1 1 • 
Smith. 1927] have also i.solatod Pastrareila 
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organisms, both vinilont and avinileiit, from the 
tnncoiis mem])ranes of apparently healthy anipaals. 
Hughes and Pritchett [1930] could not produce 
the disease by the oral administjcation of virulent 
Past, ariscptica in cajj.sules and found that the 
usual channel of infection was through the upper 
respiratory tract. Webster [192'1, I, and . 2], 
working with rabbit pastcurellosis, found that 
preceding an outbreak, there was a fall in resis- 
tance due to adverse environment, and a cor- 
responding rise in tlie number of tlic organism 
which ultimately led to an outbreak of tlie disease. 
It would appear from the existing work that the 
more resistant are not affected, those less resistant 
become caiTiers, while hypcrsusct'ptible birds die 
of infection . 

ExI'ERLMKNTAI, 

An outbreak of foM’l cliolora provided the 
opportunity' to study <'erfain epizootiological 
aspects of the diseasi*. 'rids occurred in the. 
Institute farm wiiich is self-contained as no 
eggs, chicks or fowls are ()rought from outside, 
and every po.ssible precaution is taken to prevent 
the introduetion of diseases. The disease broke 
out in 1940 in a group of 40 cockerels causing 
the death of six only, 'khe source of infection 
was undetermined. A fnrtber outbreak occurred 
in two adjoining pens in mid-summer, 1941, 
with sporadic cases over a period of a montb. 
Out of a dock of 2,000 birds, only 1 1 <iied. 

The organisms recovered were of the ‘ blue 
colony ’ type [Hughes, 1930] associated with 
enzootic fowl choleca. The recurrence of the 
disease on the farm, the type of organisms re- 
covered, the insignificant morbidity and mortality 
and the course of the outbreak led us to suspect 
the existence of carrier fowls in the flock, such 
a possibilitj" being in accord with the findings 
of Manninger [1921], Van Es [1937] and Shook 
and Bunyea [1939]. 'riiorefore, soon after the 
second outbreak, it yvas decided to examine 
the flock for the presence of carriers. 

Metfiods 

(1) Agglutination test. The rapid wliole-blood, 
stained-antigen nietliod, employed by Shook 
and Bunyea [1939], was tested using serum from 
fowls and rabbits ])revioiis]y immunized Muth 
Pad. avisepfica. The serum’ had a titre of 1/320. 
Crystal violet-stained antigens of homologous 
and heterologous strains were used. The re- 


action was unsatisfactory a!ul tlie resiili.s were 
not clear-cut. However, the strains of fowl 
cholera used by us were perliaps luff <piit(' suit- 
able for the test. 

(2) Badt'i'iological. W(4istcr 1 1924. J ) working 
with rabbit past('ur(‘llo.sis. and Pritchett rt (d. 
[1930] working with fowl pastcurellosis. rei-ovcrcd 
the organisms from carriers by culturing the 
upper respiratoi’v tracts. 

Preliminary tests were conducted to standardize 
the techni(|ue. The following methods for obtain- 
ing material from nasal passages of fowls wen^ 
compared : (a) nasal washings oiV.ained by syring- 
ing the nose with saline or broth ; (b) swab])ing 
the nasal cavity with dry cotton .swales; and (c) 
swabbing the cavity witli a wet cotton wool 
swab. Nasal washings invariably gav(‘ a ])n)fusc 
growth of ctnitaminating bacteria. Hwabs and 
e.spccially wet swabs gave bcttci' results and 
isolated colonies of Jbfstniirlla could taisily be 
obtained. 

With regard to culture media. W'ebstcr and 
Baudisch [1925] showed that the growth of 
Pastonrtila was more profuse uiubu' a I'ediieed 
oxygen pressure and on media, with a ti'aet' of 
rabbit blood or an iron comp<uin(l witli strongly 
catalytic properties. Schiitze an<l IlassaiU'-in 
[1929] also got better n'siilts by adding sinuil 
amounts of blood or sodium sul{)hitc. \ test 
was therefore run to coni])are routine labf)ratory 
media and certain f)lher enriched media. The 
following were used ; (a) nutrient agar, {h) plain 
broth, (c) agar with 5-{) per cent o.x blood. 
agar with 1-0 per cent ox hlocal (<■) agar with 
0-5 per cent .sodium ,sul])hite, (J) agar vith haenio- 
lyzed ral.)bit blood, (g) Ficdde'.s niodiuTU, and 
(h) peptone broth with lo-tl p( r e(Mit inactivated 
ox serum. 

Serum broth gave thicker growth than ])Iuin 
brotli. The counts on nutrient agar were signi- 
ficantly lower. All the other enrielual media 
gave uniformly good results, with little differenee 
in counts. As to the relative value of !i(juid 
and solid media. ,swal)s from the nasal cavity 
were sown as follows: (a) inlo a tube <tf iu'oth.^ 
wbioli was incubated for 24 hours at 37' (b amf' 
then plated, {b) into a tube, of bnffli, which was 
incubated fur one hour and tlum plale.d. and 
(c) on to a blood-agar plate. Initial ineubalion 
in the liquid medium invariably led to an ov(>r- 
growth of contaminants. Direct .sowing on blood- 
agar gave discrete colonies from which fbidranila 
colonies could be easily pickrsl. 
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Survey of flo(;k for CARiaERS 

The first test for carriers "vvas conduetetl soon 
after tiie second outbreak, which lasted from 
i\lav 18 to June 13. 1941. Between AiigUvSt and 
December, cultures were made, from the nasal 
|3assa.o<‘,s of all fowls in the aifected pens as well 
a,s the two adjoining pens. In all, 273 fowls 
were examined, 1 1 of which (4*06 per cent) 
yielded Pant, nvineptim on culture. The organisms 
were typed and studied in detail. 

Morphology, etc. In morphology, staining, 
cohmy form, etc. the organisms conformed to 
the genus Pasleurdla trevisan. The 11 strains 
were identical in cultural and biochemical charac- 
ters. All were of the ' blue-colony ’ type [Hughes, 


1930], produced turbidity and a heavy viscid 
sediment in broth, thin glistening white growth 
on plain agar, viscid varnish drop-like growth 
on blood-agar and no growth on IMacConkey’s 
medium. Gelatin was not liquified, methyl-red 
and Voges-Proskauer reactions were negative, 
and no change was prodiu’cd in litmus milk. 
Ammonia, indol and catalase W(M‘e formed and 
nitrates were ix'.duced. Am'd was {)rodiice(i in 
dextro.se, sucrose, lacvulose and mannitol. Lactose, 
giyccroJ and rhamno.se were not fermented. 

Serological. Tables 1 and 11 show the results 
of agglutination reactions. .More than two serologi- 
cal groups are suggested. One strain (N'o. 574) 
could not })e classifiotl as it failed to produce 
agglutinins on repeated inoculations. 


Taule 1 


AgglnUnation litres of stock Past, aviseptica serum against // currier at rains 



Homo- 1 

i Antigen 

Serum 

■ ' ■ ^ ' 

logons i 

104 

86 1 

047 

i027 

654 

574 

m 

' 5{»fl 

' 102 

■ 36' 1 

i 

05 

St(Jtilv Past. 

I 

1 : 640 

1 : 640 

1 1 ; 640 

1 : 640 

1 : 040 

1 : 640 

1 

1 ; 640 

0 

i 

0 


' 0 ■ 


Table II 

Cross agglutiria/iou (()sf.s 


Imnuuie sermn 

Antigen 


104 

S61 

947 

2027 

654 

574 

836 

509 

102 

56 

95 

104 , . . 

1 : 320 

1 : 320 

1 : 320 

1 : 320 

1 : 320 

0 

1 : 20 

0 

0 

0 

0 

861 . . i 

1 : 320 

1 : 320 

1 ; 320 

1 : 320 

1 ; 320 

0 

1 : 80 

1 : 160 

0 

0 

0 

947 . 

1 : 160 

1 : 320 

1 : 320 

1 ; 160 

1 : 160 

0 

1 : 80 

1 : 160 

1 : 20 

0 

0 

2027 . 

1 : 320 

1 : 320 

1 : 320 

1 : 320 

1 : 320 

0 

0 

0 

1 : 20 

0 

0 

56 ,, . 

0 i 

0 

0 

0 

0 

0 

0 

0 

0 

1 ; 640 


574 . 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 


Pathogenicity. The virulence of fresh ly-lsolated 
carrier strains for fowls and rabbits is show'n in 
Table III. The organisms were growm on blood- 
agar for 24 hours, anti washed off with serUm- 
saline. One c.c. of this bacterial suspension 
standardised to contain about 200 million bacteria 
per c.c. was inoculated subcutaneously. The 
period of observation extended over seven days. 
Table III shows that the strains varied consider- 
ably in their virulence. 

Persislerax of carriers. Cariuei’S were found 
i.n all. four pens examined, although the 


disease appeared to have been confined to two 
pens only. Since the test, all l>irds dying on 
the farm have been autopsied and the materials 
cultured for fowl cholera with negative, results. 
As no further outbrealc occurred a part of the 
flock wa.s tested for the persistence of carriers. 
Twenty-one montiis aft(‘r the first examination, 
in March and /\.])ri!. 1943. cultures were again 

made from the nasal cavities of 287 birds. In 
this test, the birds were selected at random 
from different groups in order to obtain an index 
of infection foj' tbe whole farm. An entirely 
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Ill all t'iisc.s vlicro doatli.'i occuiTi'd, Pust. nHsi'jillni was 
isolaU'd. 

now lot oF .Oirds was (‘xaniini'fl. Four fowls 
(i'-l per cTiit) worn fouud to liarhonr Iho infootiou 
of the ‘ l)lue-eo]oiiy ' typi'. As the ])re\'ioii,s 
test gave 4*f)(j per cent of eandu-s. it w'onid iippcuH- 
that tlie conditions on tlie farm had been iniiniea! 
to the pro])ajfation of the micro -orj^-anisni ami 
conducive to maintenance of an aderpinte level of 
resistance in the flock. 

DrscinssioK 

From the above results, it ean he seen that 
carriers eoiild be detected 21 months a,fter tin* 
last recorded death from fowl eholera. Tliou;j;h 
the po,ssil)ilitT that tlie ciu'riers miclii have 
originated from an entirely fresh intrnduetion 
of the disease is not. rulefl out. it is eijually possible 
that the condition may have been present during 
the whole period sinei* tlie last iulection. This 
e.xi.stence of carriers explains the ])erj)etiiation of 
infection in ajiparentiy clean farms. Efforts at 
prevention and control cannot therefore be 
e.xpected. to sius'oed. if traditional measures, such 
as the disinfection of poultry houses, etc, and 
isolation and killing of diseasisl individuals 
((‘linical cases), are solely employial. .Eliminat ion 
of carriers is the onl) isdiable nu'tluxl of control. 
Jf the ratio of the carriers to (dinical cases is 
high, such ])rcventive measuri's will only give 
a false sense of security. The recovery frmn 
apjian.-ntly Ijealthy individuals of virulent Panleth 
rella- ('apa,ble of killing fowls, constitutes a serious 
potential danger to the flock. The position is 


summed up by Van his [Ih.'Hj: 'in (he light, 
of present day evidinu'c it ajjpf'ars tiiat the erux 
of the probJeni (of fowl eholera) lies with tbe 
recognition, and eliminniion of the healthy 
infection carriei' \ Frit.c.hett cl ol. \ MKhi] cfuicliuh'd 
from their wank that, such a pr(i(-c(liire wa.s both 
efl‘e(;tive and pra<4,i('ji.l. 

)SirMi:VlAK.V 

A three- years’ survey of tlu* iiicidema* of fowl 
cliolera. in India, suggests that fowl cholera occurs 
far le.ss fnsjucutly Hum is iisiialiy believed and 
that widesju'cad (‘])i/.ooti<‘s are not a feature of 
the disease. 

Iti one’ outbreak, the dist'a.se was observed to 
run a. typically en/.ootij' coui'.se. The pi‘es(mcf‘ 
of cari’iers to the e.xlent. of per cenf anumg 
a.])part‘ntly liealtliy fowls was (sstablislied and 
they were even found, in .'-■(Myniiugly unaffech'd 
■pens. 

Fiitliog<‘uicity 1i‘st,s showed that about one- 
<piart(‘r of the .strains of i.solah'd from 

|■i^rriei's wcu-e \'iruleut ior Hie fowl and lU'arly 
one-ludf for tlie rabliii. Examination of anot.lier 
lot. of fowls fixiin the same farm. :il mouths after 
i.lu' last clinical case of fowl chohua. a.gain r('\-ealed 
the exisleucf' of carriers to the e.xti'iit of I -I 
per cent. 

The authors ari' deeply indelifed to ,\lr A. ,!■ 
iVla-cdonald for advice and criticism. 

itMFMItMXcMs 

1).' Kriiil’. P. If. (liU*:.'). J. MhI. 3t>, :iu!> 

'Frlw.ints. .1. T. (P.rjS). li, p. h,ip. <.rj. Ucr l»a.. ,v/oo' 

Huglu-.s, 'I'. P. ,/. rj;,. 51, 

^ siutl Piilched,, t. W. yP.KKn. ./. I'.i'n. Mi it., 51, 

2:u) , 

Hnt.yra. P.. Alai-ek, ,1. and IVlarniiiiger, \l. (lUliH). Spn-iid 
Puthotoun (Hill Tlit‘iiipriitii\-t af Ihn it-'i, .-i of I lo)i)r.'Uif, 
A iiimal/<, Ldiriicu 1 

Indian Cadle Pl;ui,in‘,s ( ’(nniiiis.-.J((n ( IsTI ;. i'l jtoa, C'ldeidla ; 
43 

Klein, K. (liloti). t'itnl in of Hai'UiioloiJII -1, 

■153. Medical !ve!;i(:!ar(di Cmmeil, Loadnii 
.\Iannin,i-er. U. (lUgl). ,'\ii.si.i-aef in in.-^rh. Tu rorJ. Wfnhr. 
a-J-7 

PriLolieti, 1. \V., Beaudelfe. F. P. and ii'u'iei-. P. (1030). 
,/. exp, Med. 51, :latl 

Uayinond, F. (U)PI). ./. leop, v(, Pei. 5, 37 !-!)(> 
tSdiut«;e, .tl, and llas.saneiii, .M. A. (iUJtp. /iiil. ,/. ,.,p. Pfilfi, 
10, 204 

Shook, W. ,f). aad iiimvoa, 11. tl!)3!J). Poult. Pei, IH, I4(i 
Smitlu D. T, (10271, .1/ef/.. 30. R43 

Kniiili, T. (KSOI-2). Pep. U. P. line, .laoa. hid. 4.7 
Vail Ea, L. (1037). d. Ante,. M. M,d. .l.s.s-. 43, 4 10 
Woltater, L. 'I'. ( JOg-l, 1,2), ,/. exp. Mid. 39, S37, S (.3, imd Ha7: 
40 , 100 and 117 

VVelwIo]', Ij, 'P, and IhuidiHeli. O. ( ■/. erp. Men', 4S 

473 ■■ 


AXIMAL NUTKITION PKOBLEM IN BENGAL 


By llsDUBllUSAJS (JjjA'n’ER.JEK. M.Sc., (Aob),vJj. A.C4. 
Lute. .Physiological Chemist. Bengal 

(lit'Oeivcd for jjublicat-iot! ou 2'J Dec-onibttr 


In Ol'dc.!; that the positirai t>f aiiinjul. iiutritioii 
in Bengal may he pro])Ciiy judged, it is necessary 
to realize the limitations forming the special 
feature of this )>rovinee. Bengal jn’cscnts a 
inelunehuly spectacle in that its food, output 
Mdicther for man or heast is as much deficient 
in quality as in quantity. Of the total cropped 
area of nearly -‘30 million a,ejvs (net cropped 
ar(“a 2;3 million acre.s). only about 0*1 million 
acres arc under fodder cro])s. Even of this 
nearly half is in one. single district, viz. JMymen- 
singli. f]! other words the area in the remai- 
ning 2() districts is so small thal its effoctive 
value is negligible. Of other Indian jirovinees, 
we find that the J’unjab has five million aeres 
for 15*8 million cuttle. Bombay 2-D million acres 
for OdM) million cuttle and I'.P. I- 18 million 
aeres lur :V2 ndiiion cattle. f.n contrast, with 
those, the o]ily })ractieal expression Bengal has 
given as a, mark of lii*r eatth^ eonseienee or reverence 
for the <‘ow is the meagre allotnumt of a nominal 
aereage of fodder (as stated abovel aiu.l of the 
j'esidnes (sti'uw) left over aft.er the haiAi.’st of 
rie(' CIO]) fi'om 22 to 23 million ac'res. giving an 
estimated Oc'ld of .100 'to bOO million niaim<ls of 
stj'uw. Lven if the vhoh' (»f it. is availabh' (it 
is well known it is not. as a part of il is used as 
matting, a pai t as t !iat<‘liing, ete. and a part' is 
wasted) il \Nill not be abh>, to provide more, than 
2'.'j to 3 seers of straw per In'ud of adult po]>uIa- 
tkm lea^o‘ng out of account the young stocks. 

In the ra.-e of eoueent rat es the position is not 
betuw. The area under ra[)e and mustard is 
(e7() million acres. /// (sesame) 0-18 million aerees, 
linseed 0*10 nullion acres. The area umhu' ra])e 
and mustard has gone down eojisiderahly. as in 
1911-12 it was 1-32 nullion aeres. There was 
a sloN\ decrease up to 1920-21 after which there, 
was an abi-uj)t shrinkage. 'Plu* present anal 
(T()-l .000 acres) is ahont 1 hn‘e-(ifths of tin', area 
30 years ago. The, ])y-j)rotlucts available 
from th(‘s(> isnd from wheat (0*17 million acres), 
barley (0-12 million acres), maize (I)*I0 million 
aeres). gram (O'l ! iniilion :i<t('s), and a s})riiikling 


of juwar and hajnf all. takim togethei' do mil 
provide more than a cha/nk per head j)er day. 

It is not known Avliat the exact areas are, under 
pulses. The crop Kport states tliut tlie area 
under other food grains i'neludiiig puls(es 
and inarua- is 1'3 to M million acres. To these 
may be added the variable by-produefs of vice 
manufacturers and a small .su])])ly of imported 
cakes as well as by-produets from im])orted oil- 
seeds and pulses. 

It is difficult to ascertain from the eroj) reports 
the amount a.vuilable after meeting exjHn ts and 
imports. It appears from earlier re])orts tliat 
about 3 to 4 million inaunds of linseed wci-e 
imported and about the same amount exported 
from Calcutta, Begarding whea.t, rape, mustard 
and/ pulses, there is apparently a surplus of im- 
ports. Jjitth' is known about tJie import and. 
export of oilcakes atid grain by-products. 

Nevertlieles.s .some amount of cattle feed is 
available from tliese different aN'cniu's of import; 
but taking tlie province as a whole the position 
is tliat except fur an iiisulUcient supjily of n 
coar.so fodder like rice straw and a limited siqiply 
of concentrates, we lun’e hardly anyth ii\g to 
offer to our cattle. Our green fochlcrs occupy 
sill'll a meagre, area, that not more than 0-1 


million of onr I'attle 

can derive noiirishinent, 

from it. ^’ct these constitute the .sources tlirough 

wliii'h we have to feed 

not only 1,he verv largo 

cattle population but also other animals, 
.leeoiding to the census conducted in 1940 

the numlicr of live-stoel 

in .Bengal is us follows : 

Cattle . . . 

. :l2.()23glG7 

Bulialws . 

■ • . bUTU.iJBli 

Shco}) aiu't goats . 


Horsos and iKuiie.s 

112m 

Mules 

17.-) 

.Douteys , 

Camels . . . 

no, 7 

OH 

PigM • • • 

■ . . io0,7-{:j 

.Bowl.s 


Duek.s . . 

• . 0,055,01)1 


It, will thus be seen tlnit our problem i,s not merelv 
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a case of delicieiil supply luit of iiie barest need 
of siibsistcru'c, The lua,! 1 er is fiirtlier complicated 
oti uccoiuil of the fact that tlie fccdinj^ of rice 
straw is by certain complexities in 

which almost all tlu' essential nutrients sutler 
from faulty as.similalioii. 

TuK GICNEIIAJ, FEKDIXO VALl’E OK KlCPt STKAVV 

A short-1 (‘nil feedinii trial conducted at Karnal 
(.Punjab) suggested that rice straw when fed 
witli concentrate was sup(‘rior to wheat straw 
and was as good as jowar (sorghum). Later on 
wlien work on a more cc^nprehensive scale was 
undertaken in Bengal, it was reviuiled that under 
rice straw feeding not only the assimilation of 
more essential nutrieiitKS like jirotcin, lime, 
phosphorus and potash was generally interfered 
with, but in sonu' regions, specially in saline 
tracts, even other minerals suflVred from disturlied 
eipiilibrium. The Animal Nutrition Soetion, Bengal, 
started under tlu‘ gi'ant of the lm)»erial Council 
of Agricultural Besearch. carried out these ex- 
periments when the ])r(‘sent author- was in charge 
of it. The work was directed 1 owurds the examina- 
tion of the existing food sources in order tluit an 
economic formula of rationing might be devised 
in due. regard to cpiaiity and (piantuty of feed. 
The lirst step towards it was to vStudy how these 
foodstuffs behaved within the animal system 
and what were their specific characters for or 
against proper nutrition. The work followed 
broadly on two sjieeific lines, one in reference 
to the direct jiractical problems and tfie other 
of more teclinieal nature mainly arising as a 
corollary towards the solution of many Kuch 
problems. Tliis note, deals with 1,he former 
aspect. 

Proirin. It was found that wlien the straw 
was fed alone, theri' was an uiieconomie wantage 
of protein fraction which was least digest.ed (re- 
maining largely on the. negative side), hut when 
suppleimmted witli cake or eoneernt rates, the 
digestibility and assimilation of protein were 
remarkably increased. This was also the ease 
with tlie bulk of organic- mitrients. 

Fho.sphorus. In the ease of ^ihosphorus the 
actual content is initially low. and oven this is 
of doubtful availubility. 

Lih(i\ In the ease of lime. althougJi the amount 
ordinarily present is apparently more than 
adequate from maintenance standpoint, the le.vel 
necessary for ensuring a itn’ourabic or positive 
equilibrium is much liiglun- than in many other ■ 


straws and grccui fodders. Then?, appear to be. 
four factors responsible for this complication, 
viz. (J) presence of oxalic acid and possibly 
other allied substainies whic-h prcvmit tin' soliibilily 
of lime, without which assimilation cannot 
proceed, (2) high fibre content, (2>) high [lotash 
content and (4) comphde absence of vitamin. 
Potash. As straw contains a very large jau'- 
centage of potash, a very large potash ingi'stion 
(far more than is micixssary) is an incvitalih- 
accompaniment of rice straw feeding : but the 
puzzling factor is that, in spite of such heavy 
ingestion, more potash is excreted through faeces 
and urine than is supplied in the feed. Tin? 
result is that when the. data are measured on 
a balance slieot. a negative balance for potash 
is recorded. In actual fact the (‘xcoss potash 
is drained out from body resoUrof's. Then.' 
are indications that in tliis })h<’nomenon the 
nature and quality of caku' and jaissibly otlim' 
CGUCi'iit, rates play a significant role. Thus wlnm 
the straw was fed with lins(>ed cake, the attain- 
iiKuit of a positive balance b<>tw('en intuki- and 
outgo was a usual feature, i)ut when mustard 
cake (which is the main concentrate in tliese 
parts) Avas fed. tlnn-e was a general tendency 
to a negative balance in spile of the fact that tin- 
potasii ingestion was distinctly higlier (in sfum* 
cases (id per cent over the other), in a recimt 
trial the combination of til or sesame cak»' has 
also exhibited a similar feature, 

Soda, chloritia awl anaptrsia. So far reien'iicp 
has been made to the more, essential imtrii'nls 
such as lime, pliosphorus and potash wliieh iuiv<‘ 
recorded disturbed etpiilibi’ium undej- rice-straw- 
feeding. It has since been found from more 
recent work that the straw-s sjiecia.Ily from salin<‘ 
belts (and i,ii some cases from non-saline areas 
also) have in addition new complexities, 'riius, 
with Barisal straAv (from saline, tract) chlorine, 
recorded negative balance, in spite of feeding 
common salt, while in the case, of another saline 
tract of Diamond Harbour (.District 24 Ihirganas). 
ma.gne.sia,, soda and chlorine all exhibited a,dv(‘rsc 
equilibrium in .s])it(? of the fact, that all fhes(' 
components were more, than ad(',({uately pi'ovide.d. 
.It is |u.st pos.sible tliat .some of the.se feahin-.s 
are endemic in respeid to cerl.ain rc'gions. 

Proper' ufilization of straw. Tlie straw whil(> 
.serving as a roughage, its niidn function is to 
supply energy. Here al.so tin? most (‘ni(a'ent, 
utilization occurs when it i.s supph'nu'iitcd witli 
cake. .It is a fact- that a,n unbalan.c,<s! food is 
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not properly utilized, and since tire straw is 
highly unhalanced, it also behaves similarly 
unless it is fed with more nutritious supplement. 
Results have sliown that weight for weight the 
digestibility and energy eJB&cacy of straw is liable 
to be reduced to half, while protein metabolism 
is severely upset when the straw is fed alone. 
^ On the other hand the addition of cakes and 
concentrates does not only arrest such a wasteful 
process, but operates in a highly economic way 
in stimulating maximum utilization of energy, 
protein and other nutrients. 

Varieties and strains of straw. According to 
the statistics on crop report, the rice in Bengal 
has been divided into three varieties, viz. amon 
or wdnter rice, aus or autumn rice and horo or 
spring or summer rice. In actual fact, although 
amon mainly belongs to transplanted variety, 
there are broadcasted and deep water varieties 
L: also. The trials so for conducted in Bengal were 

with the straw from transplanted amon, broad- 
casted aus and transplanted boro. Time and 
facilities were both limited to permit wide scale 
work embracing all soil and climatic belts. From 
the results so far obtained it appears that the 
energy output of all straws is more or less similar, 
but in many other respects each is markedly 
different. Thus lime requirement which is general- 
ly high under all kinds of rice straw feeding, is 
comparatively less with amon, intermediate with 
dus and highest with boro in which the quantity 
of oxalic acid is also very high. 

The earlier work was mainly done with straw 
from Dacca and Nadia, and it was tacitly assumed 
that the characteristic features of straw from differ- 
ent soil belts would probably be the same. Thus 
while lime, phosphorus and potash presented a 
picture of complex metabolism, on feeding of 
straws from other tracts, in the case of straws 
from the saline belts of Barisal and Diamond 
Harbour, it was found that other components 
such as magnesia, soda and chlorine present 
similar complexities. It lias been further found 
that in the amon varieties, the amount of oxalic 
4 acid is lowest in Barisal straw, considerable in, 
Diamond Harbour straw and heaviest in Chin- 
surah straw. The results suggest that (1) soil 
condition and the environment exercise a pro- 
found influence on general as well as some specific 
characters of the straw grown in an area, and 
(2) in orrlcr to get dependable results, feeding 
and metabolic tests should be conducted with 
local animals under local conditions of feeding. 


It should be stated that so for the work was 
done with mixed straws as were obtained from 
the different localities, but comparison will be 
more valid and helpful if such work is conducted 
with straw of pure strains grown, in the different 
soil belts. Here it will be relevant to refer to 
some experiments conducted with pure strains, 
viz, indrasail and lattisail. The point of interest 
lies in the fact that although chemical analyses 
did not reveal any marked difference in their 
composition, nutritional tests definitely established 
the superiority. , of indrasail over lattisail straw. 
Not only does it emphasize the need of conducting 
work with other strains but also with strains 
from typically different soil belts. 

Lime assimilation under rice straw feeding 

Rice straw contains an appreciable amount of 
oxalic acid which has the property of keeping 
lime in an insoluble form. This substance, which 
in a soluble form is also a poison, has been also 
found to vary according to soil and climate as 
reflected in a high percentage in Chinsura straw 
and lowest in Barisal straw. In the case of 
variety of rice straw as well as in amon 
variety of Chinsurah st.raw o.xalic acid is found 
in such a large quantity that it is theoretically 
capable of rendering insoluble not o,hly the entire 
lime present in the straw but it is also potentially 
able to render infructiious the efficacy of lime 
from other food sources. A striking feature 
however is that a large part of soluble oxalate 
in the straw seems to undergo decomposition in 
tlie rumen of cattle. By this, the directly liarmful 
effect of this substance is minimized but 
the possibility of some direct absorption also 
exists with its harmful effect. Apart, from this 
the presence of other (still unidentified) interfe,r“ 
ing substances against lime assimilation has also 
been detected. A large amount of potash as 
found in rice straw is another factor ” causing 
disturbance in lime metabolism. 

Both potassium and oxalic acid have loomed 
large in the recent investigations with rice straw 
feeding. As a matter of ffict their effect on 
metabolism is not merely of theoretical interest, 
but has a far-reaching practical significance. 
Evidences suggest that where oxalic acid is 
present in large quantities, the potash content too 
is high. The soluble oxalates exist cliiefly as 
potassium oxalate. In the rumen of cattle the 
oxalate undergoes decomposition with the produc- 
tion of carbonates and bicarbonates with wdiich 
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potash forms new compounds and exercises 
siicli iii6iicnce on the acid-base equilibrium of 
body fluid that the urine of rice straw bieders 
is invariably alkaline. This also indirectly reacts 
on the lime assimilation as alkaline reaction is 
unfavourable to the maintenance of optimum 
solubility of lime, without w^hich its assimilation 
is retarded. A further complication lies in the 
fact that although a very heavy potash ingestion 
follows rice straw feeding, more potash is ex- 
creted through faeces and urine than is provided 
in the feed. This phenomenon seems to be 
related also with the kind and quality of cake, 
as in the investigations conducted linseed cake 
had a benefioient effect, but mustard cake had 
not. At present there is not sufficient information 
explaining the excess drain of potash from the 
body. 

PbE-TREATMENT op EICE STEAW 

In order that the removal of these siib stances 
could be efficiently carried out several methods 
have been tried. The straw was subjected 
to the treatment of lime, caustic soda and simply 
water, by keeping it soaked in the respective 
liquids for about 24 hours. After this period 
the straw was washed and fed to animals. 
The results suggest that wdiile caustic soda treat- 
ment is most efficient, its cost is a serious factor 
against its adoption. Lime treatment involves 
much less cost, but water treatment has the 
merit of simplicity, is least costly and is able 
to remove 90 per cent of potash. Moreover, 
the loss of organic matter which is appreciable 
under caustic soda treatment is the least under 
water treatment. Yet by this simple procedure, 
the feeding quality of straw is improved to such 
an extent that protein and minerals are better 
assimilated and even the otherwise high lime 
leqtiirement under rice straw feeding is appreci- 
ably reduced. 

Feeding of concentrates with rice straw 

As mustard cake forms a very important 
source of concentrates in Bengal, various trials 
were conducted with this feed in combination 
with rice straw. The results have been generally 
satisfactory with protein and many other com- 
ponents. But, as already stated, . the excess 
drainage of potash under its combination is an 
unsatisfactory feature for which the cause still 


remains to be ascertained. Mx'.anwhilc ttuitative 
remedies lie in giving a bett(',r (joinbination in 
which tlie feed should b(?, suppleinnnted with 
a number of conceutrabis such, as liiis('cd or/and 
other cakes, pulse by-producits, greeti ibrages, 
etc. This will ensure the supply of essential pro- 
teins as absence of these ingredients from 
the diet is likely to bring aliont a corresponding 
breakdown of body proteins, and as cell tissues 
(which are composed of proteins) also contain 
potash,' an excess drainage of the latter will be 
avoided by feeding rice straw with otlier con- 
centrates than mustard cake. 

Rice-kura and rice by-product 

The rice by~])roduct of good quality is half 
as rich in proteins as cakes ; it contains a large 
quantity of liigh quality oil and is lixc.eption- 
ally rich, in phosphorus, but a considerable 
part of this phosphorus is in a complex (jombinii.- 
tion chemically known as phytin wdiich is not 
generally assimilable. A. collection, of sample 
from different sources was made and analysed. 
It was found that the product consisted of a 
variable mixture ranging from pure husk to 
diverse grades of intermediate pioduots Tins 
is mainly due to the vaiious jnocesses used in 
the production of rice and rice b^ -pioduots. 
In the manufacture of riei* whetlier bv country 
process or mills, the nutiicnts «ne ultimately 
distributed between rice, broken iice and hus.ks. 
Since rice and broken rice go loi human consump- 
tion, the ingredients necessary foi c.ittle food 
have to be derived from tlu' losidiial nutrients 
left in, the husk. The husk piodnced )iy the 
country process and smaller mills are obtained 
in a mixed condition and form appi’oximately 
25 per cent of parboiled paddy of which little 
more than one-third, i.e, 9 per cent are capable 
of being separated as finer material. 

The hiis,ks from Blarshalls machine are broadly 
obtained at two stages, viy.. am and cJianta. 
The am husk is too coarse and contains a very 
large proportion of fibre and silica, whereas th.e 
chania husk is finer and forms 21*25 pm* cent of 
parboiled paddy. By earefnl (Tae.tiouation about 
half of it can be separated into more suitable 
cattle food. The main, point to bi^ noti^d in 
reference to the distribution of mitrionts is that 
the bulk of protein ami starchy jiiirts go to rie.e, 
while oil (ether extract), s(.)lul>l(^ a.Mli, ]>l!ospliorus, 
potash and inagiiesia go to rice by-products. 
Both rice and rice by-products arc piirthinlarly- 
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poor ill litno, f)ul; thiLslied rioo is poorer still having- 
oiie-lourMi of the percetita.u'c in kum. Of the 
total pliosphorus in rice aiul its by-products 
as inucJi as 51 to 94 per <'cn,t consist of phytiu. 
tSeveral proc('s.se,s for stimulating its bettor utiliza- 
tion were tri(sl but tlic work could not be piu'sucd 
fniiher due to the retirement of the author from 
Rervie(‘. Whu'k on this highly important and 
interesting pi'oblom deserves i'mther attention. 

Summary 

Th(' limitations forming iJie special feature 
of l-5enga,t with regarti to tlie problejns of animal 
nutrition have been discussed. 

The general fce<liug value of rice straw lia.s 
been dealt with. 

Hinoe the straw is highly unbalanced, it is 
not- properly utilized imjess it is fed witli more 
nutritious supplement. 

The soil eouditiou and environment exercise 
a profound inliuonce on general as well as specific 
characters of the straw in an area. 


In ord.<n’ to get dependable results, fiicding and 
metabolic tests should bo c.onduotod with local 
a-nimals under local conditions of i’ceding. 

Rice str;w contains an appreciable amount 
of oxali(i acid which Inns the propeufy of keeping 
lime in an insoluble form. This sub.stance lia.s 
been found to vary accoidiug to soil and cliniate. 

large amount of jwtash as found in rice straw 
is another factor causing disturhauno in lime 
metabolism.. In order tliat removal of these 
substances could l)e efiicicntly carried out several 
methods have, been sugge.sted. 

Mustard cake in combination with, rice straw 
gave satisfactory results as regards protien and 
many other component, s. But the excess draiiiage 
of potash under its combination is an misatis- 
factory feature. .\n exces.s drainage of potash 
will be avoided liy feerling rice stra\v witli other 
concentrates tlia.ii. nui-stard cake. 

.Preliminary work uii the utilizability of ricc- 
hira and rice by-products as cattle feed was 
also imdcrtaken. 


THE SUSCEPTIBILITY OF DUCKS TO NEWCASTLE (KANIKHET) DISEASE 

By S. Gana.pathv Iyer, Research Ollicer (Pathology), Poultry Rcmarch. Section, 
Imperial Veterinary Research Institute, Izatiiagar . 

(Received for publication on 28 jSTovembci' 1944) 


Newcastle (or Ranikhet) disease has been 
reported in a variety of birds, both donu'sticated 
and wild, but is most common in fowls. W'urkers 
in liulia and other coimti'i(\s have rc^iortcd lhat 
ducks are susceptible to the virus [Doyle, 1927 ; 
Farinas, 1950; Cooper, 1951 and Picard, 1954J, 
Co()])or, however, stated that ‘ although occasion- 
ally ducks became alTccted by artificial inocula- 
tion and the virus could be recovered from them, 
those birds were found to be relatively highly 
resistant Dobson [1939] is apparently the 
only worker to have reported that ducks are 
resistant to both experimental and natural infec- 
tion. The writi'r has frequently heard from 
b.reed('rs and disease. in\''estigation officers in 
tiiis country that dudes in infected localities 
have reniaijicd free from the <JiseaH<.>. In view, 
tlierofore, of the diversity of opinion regarding 
the susceptibility of ducks to tin; Newcastle 
virus, the. writer*, decidetl to inaugurate a series 
of (Xperimeiits. 

* 'I'lii.s ivork w.T.s carried out aiilio Ministiy of Agriculture, 
N’ctcriuary Laboratory, IVcy bridge, England, ntider a scliemo 
financed by tlie Imperial Council of Agricultural Researcli, 
-New .Deilii. 


Experimental 

Mature Pennine ducks and ducklings were. used. 
,Fowl-passag<*d Neumastle virus, prepared by 
snspciuliiig in 1-0 per cent saline, a mixture of 
infected livt'r and spleen in ecpial quantities, 
was used for subcutaneous inoculation. One 
c.c. of this suspension contained one million 
M.L.I). f ' 

The experirnental birds were kept individually 
in coops during the entire, period of observation. 

Eesult.s. 

Experiment I {Table I) 

Trammifidim experi . (1) On 10 

November 1939, two ducks were injected each 
with 1 c.c. virus. As no refictioti occurred, 
they were injected. 20 days later with 10 c.c. 
virus. They remained healthy. To complete 
the observation, they were bled for serum and 
killed 40 days after the first injection. 

(2) On 17 November 1959, two ducks 
were exposed to inffiction plaoijig them in a. 
coiitaminated coop. Thciv remained ]iea]t7li.y 
though fowls had. prciviously tiled of the infectit.m 
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in tlio coop, iind, on the 19tli day, tlie ini(H;tjon 
was iinplcmciited by injeetiiig tlieiii oiich vvitli 
10 c.c. virus. As they showed no n-aotion. they 
were bled and killed 33 days after the first injection. 

(3) Two more ducks were injected with 10 (•■.c. 
virus on 21 November 1930. One i.kI these 
died as a result of helminthic infection on the. 
14th. day, while the other showed no reaction 
and was reinjected witli 10 c.c. virus on the (.bth 
day. It remained well and was hied and killed 
on the 29th day after the first inoculation. 

(4) Two eight weeks-old ducklings were injecteil 
each with 1 c.c. virus. They showed, no reaction ; 
on the fifth day one was killed and an emulsion 
of its liver and spleen was subinoculated into a 
fowl to test the infcctivity of the tissues. The 
fowl remained healthy and was later shown to 
be susceptible to Newcastle virus iiifectuun 
The tissues from the duckling, therefore, contained 
no virus (sapable of infecting the fowls. 

The second duckling also showed no reaction 
to the inoculation and w’as killed on the. 20tl) 
day. Tlie autopsy of this bird revealed iu)thlng 
miusual. 


Table I 

Inocvlaiion of Nmmsde disco, se virus iuln (lucks 
and dmklimfs 


Expert* 

meni 

Uir<lR and 
number 

Date of 
inocuhiilon 

Dose of 
fowl virus 
Husiionsloii 

Bcsulfc 

1 

Duck 507 

10- 11 "39 

l-O c.c. 

mo rentdion 


and 44!! 

6-13-39 

10 0 c.c. 

N(.> rciidion, liled 





and killed *20-12- 

2 

Duck ti:i» 

17-11-39 

Cuoi> ciiutiicl 



and 764 

6-12-39 

lured, ion 
UI-0 c.c. 

Ko resuitirm, bled 




Rubeui 

and killed 20-12- 

3 

■ Duck 633 

21-11-39 

10-0 c.c. 

Duck (333 died from 


and 8«.t 



other causes ; no 
reaction in duck 



6-12-39 


384 



10-0 c.c. into 

No reaction, bled 




duck 384 

and killed 2(M2- 

. i ; 

Duckliiijj ] 

21-6-411 

1-0 c.c. 

No read ion. Diit'k- 


and 2 



liiu; 1 killed .5tli 
(la,v, inoculated 
oi'Kan suHpension 
into a fowl and 





into fertile II 
day incubaied 
lien c(!K.s Avitli 
neRative rcisults ; 
ducklinK 2 

killed 20(;h day, 
nothing unusual. 


Ex^periment II {Table 11) 

Serum-virus neutralization. Serum samples, col- 
lected from ducks that had been treated wdth 


th,o virus were pi)()It'd juid (.wain in cd for l,[i(> 
presence of lU'ufndi/ing iuililK)(li('ri by i,he in 
■oilro melhod. Tula's wen' t*'d u]) con, tabling 
s('.ruin iuid virus ii.ud, after two liours <'C)nl,a,c.1' a.t 
room teniperafuri' (bS (,!.). or a.ri'er 18 liour.s 
contaet al. oTV., weiv in.oeuIa,ted iiit.o susta'piible 
fowls ji, ud h'l’tib’ 1! da,y-iuciiba,f cd lien eggs 
(only fowl inoculation has been showm. in. l'a,ble.- 
11). iSuitiible c.oiitrol tubes w'en,' a.lso prejia.n'd 
using the serum of ducks lha,t ha,d not been, 
inoculated with tin; virus. In, no (anse wms the 
virus neutralized, since the test fowls and eliick 
emhryo.s died of tlie infeiition. 

'Fahle II 


Scrnin virus ucufralizuliou f('s(s 


Contact, of 
ficram-viriis 
luisfiirc for 

Uah! 

Fowl 

•No. 

Inoculation dcliilL 
(l-Oc.c.stibciita- 
ncotia) 

.llcsuli. 

2 lioui's room 
Iciiijicraturc 

l-1-Hi 

211.S0 

fooled (luck Mcrtiiu 
obtained aft(;r 
, virus inoculation 
i- virus, ciiua! 
farts 

Died of Nciu- 
caistic disea.se 
Sth day 

Do" ’■ , I 

1)0 

2(182 1 

1>0 

liiif: -with serum 
diluted 1 in 10 

1 ■ Do ■ ' 

711) da.v 

Do 

Do 

207.S 

Ni)i’niiil duck 

senini -I- ■ciiuts, 
criital farts 

In. 

iiUi day 

IS itour.*! 37''C 

16-1-10 

2109 

foolt'.il duck 

senun , obtaitiod 
after virue 

inoculation 
virus, infiai i 

farts 

Do 

1 Hhday 

:do . 

Do 

210K 

Nonual duck 

scrum -I- virus, 
ocfial |tiir(,;s 

Do 

Otii da.v, 

' ■ 


0o.NCLLTSJO,\S 

The Pennine ducks jind ducklings usi'd in 
this work failed to ri;aet t(j small oi' liig dosc.s 
of virus or to contact infection, Tlie serum 
from ducks inoculated with virus revealed no 
antibodies. 

In confirmation of Dobson’s [1939] liiuliiig.s, 
the dm^ks a.nd ducklings used in this work were 
resistant to Newcastle disca,s(' virus, 

SuHiMAUV 

The ducks and ducklings used in this work wen; 
found to be re.sistaiit to Newcastle desease virus. 
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Female aspects of relative fertility in sheep. .R, B. 
Krlly Aust. vet. J. 15, ISl 

Kx<iULi';i)Gt'; ooncerninj;: iln* f’niuliiiiiental principles of the 
physiology of rejiruilnctioii owes tnueli to the painstaking 
uliscrvatiuos of laboratory luiinials such as ralihitrs and guinea- 
pigs, but relatively recently a few attempls have heen made 
to obtain that iiifonnation eoue(U‘ning the larger farm ani- 
tnais. It has heen inferred commonly that what has been 
observed in small animals also occurs in other species. The 
anterior loiie of the pituitary gland iictivates the gonads alike 
in Itirds and ntati iini! therefore in broad principles the abov’e 
inference is justitied. .Althongh in the rabbit ovulation i.s 
induced by coitus and even by meehanieal irritation of a 
like nature it would he (piite ineorreel to inf(*r that this is 
so for the ewe in which ovidation is ipiite independent of 
sneh a stimulus. In tlie (uve oe.strns is the first (tliase of the 
repi'odnetive I'linetion. Oestrus by itself is not a. sign of 
fertility though it is a neeessary preliminary t<j ennecjition. 
There is little interbreed variation in tiu> duration of dioes- 
trus in domestic ewes. Tlie noiiual period is 17 days. A 
range Ifi-IH is (>()mmoi!, however Jo or ID days 
interval must also be regarded as normal. The so-ealled 
‘ sili>nt heat ’ occurs most frequently in Merino ewes. In the.se 
eases oestrus usually reappears after a }K'riod which is a 
multiple of the uorinul. During silent heat no odorifm'ous 
substances attractive to the ram are jiroduml. lleeurrent 
intervals of .sexual exeiteineut alternating with a [leriod of 
dioestrus eou.sijtute a breeding .seison. The long break 
between th'se sea.soiis is known as tlie period of anoi'st.rns 
or sexual inactivity. 

According to Marsliall, .se.xual |Jc,nodieity is primarily a 
function of tlie gonads. Jn Rngland most lireeds of .shee]» 
h.ive an exlemled breeding season during late .summer, 
autumn and winter. In iSeotbuul it. is later. W'bile the 
breerling season is more limit ml in eonutries fiirl.ht'r north 
than Scotland, a continual activity is apjn'oaehed wLtldii the 
tropics. .Marshall .also ohsinwetl that. Dorset Horueil and 
.Merino breeds of .sheep are jieeiiliar in that they come on heat 
throughout the year. The author’.s id).servations oti three 
groups of .Merino ewi‘S and a group of Border Li'iee.ster X 
Merino ero.s.s-hi'ed ewes showed a widl-detined jieriodieitv 
in the pereeuLage of ewes coining into oestrus. In these 
four groiqis there was a deerea.se in the ineiflenee of oestni.s 
during the spring followed by au increase in the summer 
monllis and higher levels maintainerl during laU> summer, 
autumn and winter. 

7’he importance of periodicity in se.vual activity cannot 
he over-esi imatefl in Australia where flu* statements of Mar- 
shall and cither.^ are. accepted, since, if there i.s a definite pe- 
riodicity as observed above then brief paddock matings will 
give uu.satisfaetory results. Again genetic faelors fiiay an 
important part in t.hi' periodicity. pSoine wild typi'S and 
(lomestie breeds of sheep (t lie .Scottish Blacldaee) arc either 
mouoestrus or nearly so ; and others (Merinos) ajiproximate 
a completely jiuiyoestrus condition. The long wool breeds 
have a marked aut.uinnal fifu'iodii'ity iii .sexual activity 
and Ibis is accepted a.s due fn herislitary main' up. It i.s 
further siiggi'sf ed tliat the obsTved periodicity of sexual 
activity within the .Australian .Merinos is the re.sult of out- 
crossing vith long wool slieej) during the foundation of the 
breed. ^ 


Manshall attributes the reproductive rhythm to three 
thing.s (J) .Metabolical (2) general environment and (.‘D e.xter- 
oi.'oplive stimuli. 7'he observations of the author do not 
.support the dust two points of Mar.shall and other wurkers. 
•It has been observed l.liat light has a marked, if indirect, 
effect upon the gonads and that the e.s.sential stimulation i.s 
of the anterior lobe of the pituitary. The effeei of daylight 
on sexual activity is discussed ami ai-eording to tlie obser- 
vations of the. author, increased sexual activity in ewis w.us 
observefl during decreasing hours of daylight. The funda- 
mental phenomenon of reproduction is di3cus.sed showing 
its comjilexity and indi<-ating tliat reduced fertility results 
from a number of cau.ses. P'erlility is defined as the ability 
of a male or female to begot or hear jirogeny. Feriility may 
be high or low and it is detenuineil by the number of off-springs 
they produce during their breeding life. (The breeding life 
of a Merino ewe is divisible into three |ieriorls, youth, 
maturity and old age. The age factor on fertility indicates 
a i-ange of 40 iier cent between youth and early maturity 
(three years) and this is maintaineii ii}) to the age of eight and 
then the level falls.) Normally fertile Merino ewe.s can ex- 
perience !).7 parturitions per centum of ewi's adequately mated. 
Twinning i.s moi-e (?liaracteri,stie of British breeds than of 
Merino.s. Britisli lireeds have borne at least 70 per cent twins 
while for .Merinos of all ages it was only tier cent. The 
lireeding records of 89 ewes, each born in a twin pair, showed 
that onl\’ 20 of these bore twins and 09 did not. Some workers 
are of opinion that twinning is capable of being iliheriled 
as a reco.ssive unit eliaracter, On the other hand the ex- 
pi'i’ience of the autlior and few others shows that the incidence 
of t.winning is highest when the ewes are either naturally or 
artilieially ‘flushed’ {irior to or during mating and also 
that the age of the ewe is important. The age.s when mo.st 
twinning occuns were from 7-10 years and during this jieriod 
the incidence was 33 per cent higher than the general avi'rage. 
Faetons affecting low Iamb markings and tlie methotls to 
lie adopted to prevent these are also discussed. [M. K. B,] 

Sulphanilamide in animals : dosage and tolerence. 
A. W. Stableporth and S. L. Hignet (19‘1:2). 
Vet. Rec. m, mt) 

UoR.SE.'S, COW.S and dc)g.s were given varying doses of .sul- 
phanila.inide either single or repented via the subeutaneous 
or oral routes and CvStimations of the eoneentrations in blood 
and milk were made at varying intervals. Detailed obser- 
vations of symptoms and any toxic effects exhibited by 
experimental animals were recorded. 

Single doses given varied from I gm. per d lb. body weight 
to 1 gm, pec 20 lb. weight, while in others eontinued do.sage 
was maintained to give a coneeutvation of about. 10 milligrams 
per cent in blood and milk n'spectjvely. In eow.s serious 
toxic syniptom.s developed if the <irug administration was 
continued over .seven day.s. 7'lie mo.st common symptoms 
of .sulpha ni lam ide overdosing in animals were lack of muscle 
coorilination, anorexia and slee.piiu'ss. The drop in milk 
yield reached a miximum of 40 per <‘<*nt in eow.s receiving an 
initial dose of 1 gra. per d lb. wciglit and raaintenance (io,ses 
totalling 1 gm. per 10 lb. daily for five to seven day.s. 

From the results of many experiments carried out it wa.s 
concluded that for thei-apeutic piirjioses it is desirable lo 
maintain a concentration of about 10 mg. per cent. On 
this basis the do.ses reeomnieiided foi- different animals are. 
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dogs, 1 gm. per lo lb, bod\ -weiglit with ilui mainlenanco 
dose ihe same* diiiiy ; for horses, 1 gm. per 10 li). weight with 
maintenauee do.se from 1 gill, per 20 lb. to J gm. per 10 lb. 
wieght ; and for cows, 1 gm. jier 10 lb. n-eight with main- 
Umanee dose the same. 

Some additional ex])criiuent.s were made on other .species 
from which it is eoneludisl that shecj) may be treated likt' 
eow.s and pigs like horse.s. [ ,]. l.J 

The influence of. dietary factors on egg-shell 
quality. I- Phosphorus, II. Calcium. R, J. Rvans, 
J. S. Carvkr and A. W. Brant (1014). Pnnlt. 
jScL 23, 9 and 36 

I. ALTHOUtiH a considerable amount of work has been 
published on the mineral metabolism of laying heua, there 
is little agreement in the lite.ralnre regarding ihe phos- 
phorus requirements. The aut.hors have .studied the phos- 
phorus requirements of laying hens ami determined the in- 
fluence of different levels of j)ho.sphorii,s on egg-.shell quality. 
Single comb White Jjeghoru pulkd.-;, kept in laying ca.ges, 
were fed 11 ilifferent diets containing 1-5, 2-0 ami 3-0 }H!r cent 
calcium. The ])ho.S[)horus levels of these diets were (l-ti, O-.S, 
1*0 or 1'2 per cent and the vitamin 1) eontwil. was tiO A.O. 
A.C. chick nnitiS per 100 gm. of diet. Birds receiving 0-S per 
cent of i»lKwplioni.s in tlie diet gave better rc.snlts on tlm whole 
than those, fed any other levels at a 2-h )«‘.r c(>ut level of 
calcium during the lirst four months of the eNperiment. No 
signifleant diih'rciices in produeti(m, egg-sl>ell weight, egg- 
fihcll thickness or shell .smoothn(>as were olwervasl between 
0-8, 1-0 and 1*2 per cent ])lins))horus used at 2-r) or 3-0 per 
cent level of cah'ium during the- last six months. 

II. The general procedure followed was the .sfunc as that 
used to determine the effect of the dietary pho.sj)hoi‘n.s level 
on egg-shell quality. Oaleium levels of 1*0, l-,'5, 2*,'), 3'0 and 
3*5 per cent, and iflioaphoru.s levels of 0*(}, ()-S or !•() per cent 
were used. Hens receiving 3-0 per cent calcium in th(> diet 
gave more satisfactory rcsulls than those receiving higlu>r 
or lower levels when cgg-sliell thickness wa.s us<‘fl as the cri- 
terion, Production and egg-.shell quality wen* considerably 
decreased when the dietary calcium level was reduced to 1-0 
per cent. A level of 2-5 per cent calcium gave as good pro- 
duction as one of .3*0 per cent but the la11.er levt'l of ealeiuin 
was found necessarv for the production of thicker egg- 
shells, [S. B.] 

Enzootic bovine haemiituria (red -water of cattle) 
in British Columbia. J. C. Bankter (19-11). 
Cmmd. J. comp. Med. vcf. Scl. 101, M6 and 
178' : 

The disease is jnvvalem in regions wideU- separated and 
proximity has no relation to prevalence. 'I’h(‘ majority of 
‘red waiter’ farms consisted of land paptially ejeiired of 
timber, and deticienl in jia.^turage. The soil was coarse, 
sandy and dclicient in organic matter. Tlie disease was 
found to he associated with certain farms rather than the 
type of soil. Manuring the land for years with linie and 
superphosphate did not ])rcvcnt the disca.se, nor did the addi- 
tion of mineral supitlemenls to the diet. On a lew farms 
top-dressing of the .soil with gyp.«um together with crop ro- 
tation is said to have controlled the di.sease. Plant survey.s 
failed to incriminate finy jtartieular regional flora incidt-ntal 
to the disease. Great varititioTi w.n- observed in the ineitlcnee 
in different herds nnunlained umU-r iti(;nti(-al ennditinns. 
The introduction of .sick animals into clean ttreas neithi'r 
resulted in spread of the disea.se nor retarded tlie (‘lini(-al 
course. 

The disease is clnuacteri7cd by the inrsence of a Innmnv- 
turia intermittent, in t he early stage and of short fluration. 
The ijuantity of blood inenm.scd after caeli successive attack 


aud coagulated blood voided. Some.limcs lilood clot. s caused 
retention of urine and death from uraemia. No .sy.sp'inic 
ilisturhauce was uotii'ed unless the lo.ss of lilood was lleav3^ 
Age, breed, se.x and heredity had no i)i*ariug on tlie incidence 
of the disease; animals from IK tuunihs to 13 yinirs were 
equally affeeted. The lesions were conliued to (ike inner 
surface of the urinary lilaihler, and varied from peti'cliialion 
to .small peduneulatcd vasi-ular growl h.s ('.xieudiug to the 
lumen of the Ifladdm* or l,o exees.sive gnunilal ion.s n-senibliag 
papilloma. The. v<M-tex ol' tlu- hladder was rui'elv it.voKed. 
The eoagulatioii time of the blood and iiie pll and s|). gr. 
of the urine were normal. ’I’lu' linditig.s of Datta were not, 
eonlirmed. Feeding e.vperinients eoudiieted on luiematuria 
farms failed to ineriminate water sup[)ly, pasture and feed.s 
ns c-ausal fa,ctora, but, when the. animals were, sujiplied with 
feed.s from non-redwater /ireas the omset and the jirogn.s.s 
of the- disease were considerably delayed, Howevei', the 
f(*ecling trials a.s well as field obseiwations indicated (hat the 
di.si'ase wa.s in some way a.ssoeiated with (he soil eoutent of 
red-water farms. No essentia! differkuice was noticed in the 
outjmt of urinary inorganic sulphate in animals supplied 
with feeds from red-w'ater and uon-redwnfm' farms, 'I'lu-.se 
results fail to eoidirm the Ausiraliaii liiiding.s. (tliemical 
a.ualy.siaof soils from red-water and non-redwater area.sgnie 
no signilicant results as regards tlic content of Mn, Nn, K, 
('i\. Mg. Al. i'V, Co and S<-. .No essential diffcreiiee was noticed 
ill .Na, K, Ca, K<“, Si, P. .Mg, Zn, Pli, B and Sr eonteids of (lie 
sera of lieallliy and sick animals, Fxperiimmts iiuliealcd 
t'liat toii-ilressing of the soil with gyp.snm at Ib. [ler acre 
and feeding of sniail quantity of iliis salt as mineral supjfle- 
nu'id were lieneliei.il to .some extenl as eontro! inea.'.nre,s. 
'(’lie results were, however, not eonelusive. S. S. | 

The role of practising veterinarian in the control 
of coceiiliosis. A. B. Wigkwark (1942). C'a«d(/. 
J, comp, Med. 6, 352 

'I'liK author in I Iii.s article, ha\ ing fully realized tlieimpor- 
tanii' of poultry husliandry to meet the exigencies of war, 
1ms iiidieateil the part tlmt can he iilayed by the practising 
veleriiiariau in l■lle(ikillg the sudden oiilbre.-iks of iiifeeiioiis 
di, senses of poultry. It eoiilains mueb iisefid information 
of immeti.si' value to iadh jkonitrymeu and veterinarians. 
Bn'elU, dilU'iential diaguostie features of infectious with si.x 
different sjieeies of ICiniriiu are as follows ; 

h'. {('Ill lilt infect ion -- eot-eal eoeeidiosiH. ( 'liii'k.s three to 
ten w'l'cks of age are affected; blood Is pas.sed iti llie drop- 
jiiiigs ; aente eases are markisl iiy jnirplish red dilated eoeeiil, 
poiieln‘s. 

/v. iiiriilfi.r infeetiou “Upper aud middle intestinal eoeei- 
diosis. .Affeits ehieks ten week,-! of agi* and above, ociiisioti- 
ally younger birds; jiroduces sudden ileatlis in ajiparentlv 
healthy lloeLs ; head, ajipendages may be eyanosed; drop, 
jiings are devoid of blood ; blaneliing of (lie tissues oeeursduc 
to k'.vtimsivc haemorrhage into the small intestine. 

I'J. arcnmliiKt infeetiou— iipfier intestinal coceidiosis. 
Nature of infect ion, s ehrnnie ; in acute ea.si-s entire muenous 
surface ajipear grayish, mottleil aud I lack ; dropjiings ile\ oid 
of lilood. 

E. nioxhuo, viilin and E. pnirvax infections eausi- little 
damagi^ to the tmnn.sa,. 

>S[)orulal:iou time of dillen-nt fowl eoecidia laries from 2! 
to 4K bour.s. and therefore to control oiilbn-aks (In- life-cycle 
should he internipted at (liis atagt*. With (he onset of lial- 
Icasm-ss aud imipi>et.ivncc in t,he growing stoek, esju-i-ially in the 
absence of iT.spiratory symptoms, coceidio.Mis slioiiid be hii.«- 
pected and the entire floek shut up in (piai-ters frtnn w'hieli 
droppings and litter could be removed every 2-1 iioiirs bn- at 
]ea.st a iicriod of one week. A do.se of opsom salt, (I Hi, for 
each unit of \5{) adult, birds) at this stage- either in ma.sli 
or drinking water— -heljis to purgt- out many imrmful forms 
orOoocidia. M'itldioldiug of whole grain is advised during 
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tliia period. At the end of the eonlinement period the flock 
■shouid be placed on a new range with an access to liberal 
quantity of fresh green feed. Recovered adult fowls becoine 
reservoir of iiifeetion for the young birds. 

Cro.s.s-infection from wild birds to ehiek does not otanir. 
^'he process of immunization against eoccidiosis by e-xposing 
the )>inls to a moderate amount of infection in early life has 
niiicli to commend it to the ex])ericnced poultrymen, but to 
t!ie average breeder the measure of se])arate brooding and 
rearing is the only safeguard. In ease of annual reeiirrence 
<yf the disease it is advisable to market the adult birds in the 
spring and purcliase new eggs or {-hieks from ineuliator ins- 
lead.' in. N. R.] 


Studies on the survival of Johne’s bacilli. 
R. Lovell, M. Levi, and J, Francis (1944). 
J. comp. Path. 54, 120-9 

.Joiink’s bacilli are believed to survive for prolonged period.s 
out.side the animal Vtody, but thi.s opinirm is based largely 
on the similarity of the organism to the tubercle baeillos and 
not <ut any direet ex])erimental evideiree. The authors carri- 
ed out a series of cxpei'iuieiits designed to test the viability 
of dohne’s bacillus tinder a variety of conditions. 1'he.se 
oxperiment.s may be considered iiiidei' lliree headings: 

(A) StrimY.-tn of Joh'xe’s haoilei ix STKitimzion watkk 

AT ROOM TKMPKRA’mtK 

The viability of Johnebs bacilli was tested in .sterilized dis- 
tilled water, tap water and pond watt'r containing dried mud. 
Cultures of Jolme’s bacilli were mixed in varying amounts 
with each kind of water and tlie mixtures stored in hotlle.s 
in a cupboard at room temperaturi'. At approximately 
monthly intervals, 10 c.c, .saniftles wei'e withdrawn from each 
bottle, centrifuged and the depo.sit sown on Dunkiiibs metlium 
w'ithout dye. .Duplicate cultures were iinule after treating 
the deposit from an equal quantity with 10 c.c. of 10 pec cent 
antiformin for 15 minutes. Johnebs bacilli were recovered 
from each of the three waters after nine montlis. but not after 
13 months. The pH. of the water's varied during the course 
of the experiment lietw’oen tb-t and ti-S for the di.stilleil water, 
7T and 8-0 for the tap water and o-3 and o-9 for the pond 
water. The temiierature iliictuated lietween 49"' and "O” F. 

(B) iSCRVIVAL OF JoH.N'Iibs fiAf’II.I.I IN N.ATI-'RAU.y INFKCTKD 
INTESTINAL SCBAFINll.S IN r NSTKRll.IZEi:) RIVER WATER IN 

Tllli Ol'KN AIR. 

lnte.stinal soraiiings from an infected ca.se of disease were 
finely craulsilied and mixed witli river water collected 
from' a flooded meadow. The mixture was stored in a bottle 
in the shade in a suitable part of the liuilding, aufl samples 
w'ere withdrawn at montlily intervals and cultured after 
treatment with antiformin. .lohne’s bacilli were recovered 
from the water after 1 13 days’ ex])osui'e. During the early 
part of this experiment, tlu' weather was very' severe and 
between the first and the 30th day the water was aetually 
frozen. 

In a subsidiary ex])criment, in which a culture of Jnhne.’s 
bacilli was aubslituteti for tiie intestinal scrapings, the bacilli 
were recovered only after the 1st day Init not after the 30th 
day. 'J'he anthons are imahle to give any explanation of 
t:.his anomalous result. 

ill another experiment, river water to which had been 
added an emulsion of infected intestinal scrapings was placed 
in two shallow eartheuwari' howls, 24 in. .• 4 in. one of which 
was kejib in the shade and the other exposed to sunshine. 
Johne’.s bacilli were recovered from the liow! kept in the 
shade after 13."» days but not after 1(»3 days. From the 
bowl kcqit in the sunny tirea, bacilli were isolated after 163 


days and not after 218 days. During the period of the ex- 
periment, the atmospheric tem]3eratui'e.s varied between 
20° and 64° F. and during the very- cold weather the contents 
of the bow'l kejit in the open were often frozen ; they were 
never dry and the actual amount of the mixture varied with 
rainfall. 

(0) StURVIVAl OF JoIINE’.S IJACIUM in NATl 'RALEY rNFECTED 
FAHCK.S TCXFOSEO TO ATMOSI'UERIl: CONUriTONS 

Fluid faeces were collected from a natural ease of di.sca.so 
and placed in a shallow poroics bowl similar in size, io those 
alreacty de.seribed. This was placed in the open air exposed 
to the full effect of sunshine and rain. The contents of the 
bow'l were sometime, s fluid, sonietimc.s frozen and at times 
dried by the sun. The iemperature varied hetween 26° and 
74° F. iTohne’s bacilli Averc recovered for p-erinrls up to 246 
days. 

In another experiment, infeeied faeces were expn.sed to 
air, a portion in a porous liowl and some in an enamel howl. 
The temperature fluctuated between 27' anfl 74’ F, and 
the ponteiits of the porous bowl became dry towards tho 
latter part of tho experiment. Tho contents of the enamel 
bowl were, howeviT, prevented from drying by the addition 
of fresli water on one occasion. Under these conditions 
Johne’s bacilli were lVmn<l to la* viable in the porous bowl 
after 152 day.s and in the enamel howl after 2t)8 day's. 

A number of sulwidiary' experiment .s carried out with fre.sh 
.sanqiles of faeee.s yielded re.siilt.s mure or les.s .similar to those 
above described. 

In all the experiments, there was a jirngressive diminution 
in tho number of bacilli with the re.sult that the number of 
colonies obtained in culture towards the end wii.s always le.s.s 
than that at the besginning. 

'Pile viability of Johne’s bacilli dejicnds upon a mimljor of 
factors, .such as the inten.sity of infection, temjieraturc, mois- 
ture content of the material, etc . ; of thc.sc tlie inoi.stare con- 
tent ap{)e,ars to be the most important. 

Bumming up their re.suUs, tiie authors conclude that they 
afford ample confirmation of the generally hold view regard- 
ing the longevity of Johne’s baeilius and lend strong support 
to the mea-sures often advocated foi- the control of the disease, 
such a.s the breaking up of dung and manure, leaving in- 
feeted pastures ungrazed for over a year or more, draining 
or fencing of poniis, etc. 

[It may be pointed out that the.se re.sults were olitaiued 
in England under the conditions obtaining in that country 
and they should not be interpreted too rigidly? in their ajipli- 
eation to tliia eovintrv where the elimatie conditions are 
different!. [L.S.j 

Yeast as a protein supplement for pigs and its 
relation to the appearance of rickets, R, 
Braude, S. K. Kon and B. G. White (1943), 
J, comp. Path. 53, 161 

The authors in thi.s article rei'ord the results of feeding 
experiments ivith yea.st a.s a protein snpjilenuMit for fattening 
pigs in peace-time-. From a jiradical sland-])oint, the 
results snpqiort the conclusions of many workers regarding 
the high value of yeast as a ])rotein suiqileaieni for jiigs, but 
as in the present experiment, s wIum'o the object was to aseer- 
tain whether yea.st could ivhollv replace the protein .siqiple- 
ment, some difficultii's resulting from feeding large quan- 
tities of yea.st were ob.served. 

Three series of experiments have heen eoadueted and in 
these the effect. s of yeast, at 1hi‘ levels of 8 and 20 per cent 
in the diet have been ob.served. A diet containing 8 pi r cent 
of yeast, with no mineral supjilemcnts to make iqi a lialaucod 
ration, was found to produce adverse symptoms in .some of 
the experimental animals, whereas an addition of <‘xira cal- 
cium .supplement in the form of calcium carbonate ((.'a cun- 


tent HS‘.) per jjrcveiited tlieir appeaniiioe. A 20 ]»ei' 

('{‘Dt yeaKt dirt even whi'ii snppleiiu'itted with limtwtone or 
ciilciuai eai'iioncitr (o (lie extent of ]-S to 2-i) j)ef eent was 
found to be huriuful, whereas tlui ad<liti()n of eod-liver oil 
(dceliiiiup: frutn 1 ])er rent to O-.*} per eent) prevented the 
occurrence of symptoms. 

The main symptoms in the experimental animals wc'fe 
inap|>etanee, ahnonnality in .yait, appearanee of tet.anie 
Spasms and tlie suppression of urination and defaeeation. 
'file nature of tlu' trouble was eousidenal to be rickets on 
ilie basis of jiosl-mortem 1indin«s, and tbeso comprised a 
puckering of the articular eartilaoes of llie lirnl) bones (wliieh 
eouhl explain abnormal gait), markerl thickening of the jieriar- 
tieular conneetive tissue and abnormal widtii of the e[)iph,v- 
seal cartilages, Hislologieully, tliere were iibiosis of tlie 
metaphyseal marrow and some rarefaction of the shaft of 
the hone.. Tlmoiighout the secdions, tliere was observed 
an excess of osteoid tissm*. hoth as pure osteoid trabemdao 
and as wide margins to the bony traheenlae. Pronnuiieed 
nsteoporoRis wa-s al.sa in evidence. 

I’he paper contains an excellent review of iiteratni'e de.il- 
iug with rickets in pigs in general, and in relation to yeast 
feeding, a passing reference has been made to ill efleets arising 
from its use in pigs, hi discussing the [v ssihle rob' of yeast 
in bringing about the condition, the authors ha\p laid special 
emjihasis on the high P eontetii of this supplement which 
results in a marked shift in the ratio of ealeium t.o available 
phosphoniH. [ I’.G. F.l 


Storage changes in spray-dried whole egg powder. 
L. >S. S'l’GART. TT. H. HAbbund Edka E. Dicks 
(1942), U. S. lujij (Did Pinil. Marj. 48, (»29 

BiVcriutTAL and chemical amaly-ses were made of.samph‘sof 
spray-dried whole egg powder immediately upon receipt fi-om 
the driers. 'They were then stored at :i()'(’. at l■<‘lalive hiimi- 
ditie.s varying from 20 to 100 per eeni for a period of (10 days, 
the analyses repeated, and the changes undergone during 
storage studied. 

Tlie results of the.se experiments indicated that sjiray- 
dried whole egg powder which had been properly dried woubl 
not mould if stoi'ed at rehiti\'e humidities of S.1 per eent or 
less at SO^fb or below, as well as that bacterial growth would 
not oecmr in .stored samples of similar material unless the 
relative humidity of the storage atmosphere exceeded !K) 
per cent at !. ( 'haiiges in the solidiility of tlie egg ]>owder 

(luring .storage were found to be mueh more proiKumced 
when the moisture content of the powder exeetsled .''eb ]ier 
emit. Bacteria of tin* coliform group, if present, tended 
to remain \iable during .storage. Chaugos in the total baeb*- 
rial eount, as measured by tlie dilution plate method, were 
influenced by the amount of moisture initially pre.seiit in 
the sample. When the moisture eoueentration was a ])er eent 
or less bac-terial death appeared to be greater a.s l,he moisture 
content was reduced. With moisture conemitrations greater 
than o'f) per eent, the reverse seemed to be true. i.e. until 
it became high enough to allow of bacterial growth. Death 
of bacteria in jiowdered di'ied egg at moisture eoneentrntions 
higher than .)•(} jicr eent seemed to be ussoeialed with the 
eheniieal ehange.s involved in t.lie loss of .solubility, ft avm.s 
oli.si'rved that marked deerease.s in the solubility of the store 1 
material miglii occur iiidepemlenlly of the elimiges in the 
free fat aehi conUmt. formol nitrogen value or total free ear- 
liovyl groups. 'That pronounced increases in the eonlent of 
these latter eluunieal constituents might lx* brought about as a 
result of bacterial or mould growth during storage at Idgli 
relative humidities was also nntieerl. Chuuge.s in the gll 
\’ahie.s of stored dried eggs lieeuino pore pronouncaid as the 
moisfcui'e content of the samples increased from \-M4 per 
eent to tt-pt) per cent. 'I’lu' fact that .solubility changes, 
deerease.s in tlie total bacterial plate count am] decreases 


in pir valuo.s were influenced by the moisture content of iiie 
stored spray-dried whole egg powder indicated that the 
nnwt important single factor in t.iie pre.iervation of good 
({uality during .storage may be control oft.ho moisture content 
of tJie product. This would then involve the initial pro- 
duction of dried egg ])(nvd(‘r e.ont.aining not more than ;» 
per cent moisture a.nd adeijuaio care in t he suii-jecpieiit sloragi' 
and handling processes to priweiit nioi.st.iire alrsiriil ion. 

'The above experiments iiri' only of a pi’climiiiiu-y nature, 
and the eonelusions are conseciueni I\ only tentative, Tlicre 
is, however, urgent iu>ed for more spevilie inlbnual ion on 
such practical [Uiints as t.lie most favoiiraiile reiatisi' huniidit_\ 
for storage as well as the actual nat nre of (he I'heniieal eiiauee.s 
taking pl.aee in storeil (irieci AvIndfMigg. I'T. S. K.) 

Kotenone in low concentration as a tiekicide and 
insecticide for house pets. ZAttARiA.s Dio Jf.si'm 
and UopiiNo B. Gai’DZ (lillo). Phlli/ip.J. Anim. 
Jwluftir. 7, 2)91 

Tx view of very (‘losi* as, social ion ol the dog and the eat 
as house pi‘(.s with (he uieniliers oi' tim hou.sehoid. tiek- 
icides and in,seetieid(>s for these a.iiiina!s -.lioidd be neither 
toxic nor repulsive. Tliey should not, lie in the form of 
eimilsions as they will .soil the elolhis and fnrniLure. A 
mixture of rolenone ami easatva starch in eoueentration ol' 
one and two ]ier cent rotemuu' was ibiind elfeetive a.s a tick- 
ieide lor dogs. Twiuiiy to AO grams of tlie pieparation were 
ne(’es.sary to tre.at one dog. Khipir, /imiIhs '.unf/niiirits and 
DrniKicriifor H]K were killed in from 21 to 72 hours and these 
ticks remained attached to tlie skin of llie ho.sf until tlici' 
died and dried up. 'fhe mivinre lia.s been re])or(ed b'v 
tlu' .authors to have great insi'etieidal values against eat 
and clog fleas. 'I’lie ihsis die .soon after the application. 
When ap])lied liliendly ail over the body, head and appen- 
dages of the infexsted dogs and eats, fine .application wa.i 
found suflieieiit to idVeet eoniplet(> (lest met ion of tlie ticks 
and fleas. In t.lie ea.se of gi'a\ id tiek.s, it wa.s found neia'.s.^,ary 
to la-peat the li-eatmen(, (lie foliow'iug day or on the third 
day due to the high reslstama- of tlie licks l.o the tiekicide 
at thi.s . stage, 'Trials m de on guiiiea-pigs iiad shown that 
the mixture wa.s also elfeet.ivi* against lice, killing them in 
a .short time. To ])revent Ihe rotenoiie from deteriorating, 
the mixture should be kept iu a we!l-stop}iere(I buttle and 
should not he I'xjio.sisi to direct sunlight, j B. ('. B.| 

Feeding urea to dairy cowp. d. (k .\it('iiiitbAi) 
(1913). M(tftn(«‘liii>i(=lln P.i‘}ii‘)'inif‘)il Siah'un 
Brdlctin 406, lt> 

Ix three years’ trials with dairy cows with doiihle reversal 
and continuous ralion.s, it was found [)o.„sil)le to replme as 
much as 4-2 ]ter cent of the total N in the grain and 2r» per 
eent of the total N in the entin' ration by urea, fii making 
the. substitulion.s, urea re|)laeed .standard protein eonram- 
trates .such a.s cottonseed imail, soybean nusal and earn 
gluten feed. I'rea gavi' some favourable results, but it was 
not (luite on a, paj- with (he stamlurd protein eoneeidrates 
for maintenama" of milk iiroduction. 

Some faclors mflueiicing repfoduetive oiiltsio.uey 
of range cattle under ariifie.Uil and natural |}r<3ed'- 
ing conditions. J. E. LasiP'V uikI HotiAK-r 
(1943). Minsovri A/ftlion Pulhiiu 

376, 5(1 

AnTii.-K’[,u, insemination }>ro\ed a pr.utieal and ei'l'nienl 
metliod for hnasling nearly 2.0(10 range cows out a pen'. id 
ot Ihri'C years. Of (he cows inseniiiiuled one or nioi'e times, 
78-S pm- eent produced calves and reipiired an averan-e 
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inwiouiiiiiiioiis p'.'r i-alt'. Ktiidy of Uio <'oiiccnti‘<ition, 
vtjluiac' and uf the? aoiucn iVom 12 raiigo hulls slirnml 

imudi variahiliiy. hid in ^laua-al, Ihi-ljlity ivas vclatnfl to 
a(.>mcn volume, eoucetil val ion of sperm, imnilHT ol' sperm per 
ejaculale. perveiita^e of live spenan ami peuaientago of s])(‘rm 
resislaid to (('ii niiuntes' expfisure to tf'O. in egg yoik-huftV?i\ 
'I'lirough tlu‘ use of stored seimui and dilution, the number of 
eoMs lu'efi with a single ejuenlato was greatly increased, 
f'terine insemination gave the liest results witli ahoiit 200 
cows, as contrasted with grou])s of 20 eowa each inseminated 
^ ■ liy tile eervieal and vaginal methods. Portility below the 

average, was fditained when less than 800,000,000 total sperm, 
or 270, 000,0(10 live .sperm or 17o, 000,000 .sperm resistant to 
cold were eraploycfl for iertilization purposes. 

The use of dried wiiey and blood meal in the raising 
of calves on limited amounts of milk. I. L. 
JTathaway, G. V/. Tiui\ibkk(,U!:r and H. P. 
I)av.is (1943), Nehivd'a Experitnent StdI.ion 
Eemn'ch Biilklht 132, 19 

Diued whey and blood meal were successfully ntiiized 
to replace variou.s portions of .skim milk in calf rations 
from thri'c weeks to six months of age. 'flie study was 
based on the weekly weights ami inea.snreimmta of ,si.v lots 
^ of seven to nine calves oncli with variance anaivsos of the 
,.#■ 


results, /rhese were fed 50, 100, 150. 200, 250, or 200 lb. (22, 
•15, 08, 01, 113, or 130 kg.) of skim milk in the iliHcreut lots, 
with repiavement-s of 50 Ih. (22 kg.) of skim milk by 0-8 lb. 
(:M kg ) of a mixture of’dried whey and lilood meal 2-2 jjurts 
to 1. Other feeds iuehulofl in tlje ration wei'e alfalfa liay. 
a grain ini.xture a, ml a vitamin concentrate. The calves 
in li ve of the lots made average daily gaiirs of i’5 lb. (080 m). 
3’he .supplement fed at tlie rate of (.5-8 lb. (2* I kg.) proved a 
satisfactory siihstitute for 50 lb. (23 kg.) of skim milk iii 
feeding healthy dairy calves approximately throe, weeks of 
age and weighing not les.s than 104 lb, (47 kg.). The.so coii- 
elusions were based on variance analyses of lln; weights 
obtained. 

The feeding value of clover-moiasses silage for 
milking cows. A. .i). Pbatt and (j. W. 
Holdaway (J943). Virginia Experiment Btaiion 
Bulletin Id 

j\Tor,ASSEH at the rale of 2 and 44 per eent added to 
clover silage iu tlie <!n.«ilagc cutter prmlue.ed a silage erpuil 
or superior, on a dry-mattei’ basis for milk production, to 
clover liay. The studies were condueted in three experi- 
ments Avith three cows each fed by the reversal metliod, 
with clover silage and clover hay or clover silage alone a« 
the sole nougljage with a grain ration. Coi'n silage wa.s fed 
for one year. 
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BACTERTOLCXtY ()]-' BOA'IME MASTITIS IN INDIA WITH SPECIAL REFER- 
ENCE THE INCIDKNCUO OF STREPTOCOCJCU,'^ JtLIf.AOTfAli 

By Ka,m Nahain MoiiaNj Imperial Voiieriuary Rosi'areh Tnstif.utc, Tiiattiagfir 
(Received for publication on 26 April 1945) 


Veteiunary elinicKuiH in Tndia have been quite 
familiar whh mastitis as an aiTection of milch cattle, 
hut. it was not until the hegianing of the, last decade 
that tlie subject, ri'ceived serious oon.sidoratioii. 
The invest iga Lions of various workers in Europe 
and North America sujjplied the much needed 
stimulus in thi.s direction, so that from lh35 the 
subject has been gi\'eti mon' atleiiLion than before. 
In this pa[)(‘r is given a <‘onsoliflat.ed summary of 
tlie woi'k done from 19;].") to 1912. 'I'his inciiides 
a systeniatii’ sur\'cy of flic ineiflence of SfirplocoecUP 
af/oJactidP infection in some dairy herds. The main 
object has been to obtain some preliminary 
knowledge of llie bactm'iolugv of bovine mastitis 
in India. Tin* work was started primai'ily to dcMer- 
mim* the common haeterial types associated witli 
it, and secondly, tlic extent to which Sir. (u/alactiae, 
the most important and common cause of chronu* 
streptococcus mastitis in otlier coiuitrics. is res[)on- 
sible for udder infections in this i-ountry. 

The oliservations mad(‘ an* ih^scrilied umhu' two 
sections 1 ami Tl. 

Sk(.’tjon ! 

Ihider this head is liescrilaal tlie preliniimiry 
work (lone from 19;],") to I9f() to detonnine tlio types 
of bacteria associated with ma.stilis, and especially 
to see if N'//. ntjalnrihu' could ])e commonly isolated. 

MaTKIUAL and ME'l’irODS 

The material examined came, ns a ruh', from cows 
and buffaloes aff(*clcd with clinical mastitis in tin' 
experimental dairy lu'rds at .Vlukteswar or from 
different parts of the country. In tlu' case of the 
MuktesAvar cows, the material consisted of mi.xed 
udder milk or moiv eomrnoiily milk from affected 
quarters. The technique ado{)1ed wa.s to stn'ak the 
centrifuge de])osit on blood or plain-agar slants 
for ))rimary isolation of bacferiai 'types. In inan\' 
cases, (‘ulturos were obtained witli a fair degree 
of purity. 'I'lie material n'ceived from the field 
was g{'neraliy milk or a more oj‘ less purulent udder 
secretion, sAva))S of milk or pus, and in one case a 
joortion of tin* afleeted mammary gland prf'ser\ed 
in glyc'i'rine. The cultural t('chni(|iie ado[)tcd with 
tlies(' s[>t>(‘imens wa.-, similai* to that used for milk 
from tlie Mulct eswuir cows. In many cases films 
of tlie inUh'r si'cretion or milk deposit W'ere also 
examined for bacteria and pus-cclis. Many of tlie 
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Muktesw^ar cows and a coiqih-" of ‘ field ' cows were 
reexamined. 

The bacteria isolated in ]iure <‘u]ture and sus])ect(‘d 
erf being coimected wit.h the dist'use were studied. 
In the early .stages of the work, llm sysiem of elassi- 
tication reeoninn'iided l)y nergey wms used. This 
largely explains why N7r. m/u/m bV/c, though ])r()bably 
present, was not- definitely ideniilied until lOdO, 
after wdiich it became the gt'iieral (uru tice to submit 
all the streptococcus strains fo f.Iie hiochemic'al 
tests now' rccommi'iidi'd for classifying mastitis 
streptococci. 

Result's 

Only tlu^ more imjKn'tant feaf.urt's are gii'eii Ik'Ioav. 
1. Streplococvi. .Vlioiit 55 slrains of strejitococci 
were reco\(‘red from I") animals (18 i\lukt«swar 
and 27 ‘ field ’ animal.s). Few of thesi' strains 
were sul)jecf.<'d to a thorough examinafion, so tiiat 
till' idmif.ifieaf ionts rcooreb'd would not satisfy modern 
standards, 'riie muiT' dc'finite und iT'Ji.ihle si[)ecifie 
labels ;in' considered li.elow. 

{a) Sir. (tf/dlacliar. Sir. difaldvlldv was isohittul 
from ten cows and one buffalo ; .stwen of tbese, were 
■ lu'ld ■ cows. This number ai.so iiu'ludes one Sir. 
ntiUdv strain wliicli on later examination proved to be 
Sir. ffddldriiae. At least one oilier strain, wliieh 
had been considered to bidoiig fo ‘ Mastitis Btri'plo- 
coeens, (Iroup 1 ’ (Mineti., Brtdih'foitli and Edwards) 
may liavi' been a liuo Sir. diidliKiidc. but it was not 
a.\ailab](‘ for furtlu'i' (‘xaniiiiation, 

(h) Sir. miliar. Sir. miliar was isolated from three 
cows, two of wbieh were ' (ii'ld ' ease.s, and one 
buffalo. Perhaps all. and (•('rtainiy one, of the.si^ 
strains Miould la* regarded as Sir. m;aI(trli(U'. 'riie 
hiiffalo strain was not .‘uailabh* for I'urther I'xumi- 
nation, luit the animal itself was two ye.a.ws later 
found to bi' inloeted with Sir. iiijnldftiuc. 

(c) Sir. dheritt. Sir. itlmriA wa.s .said to liave Iw'i'n 
isolated from two ‘ ti(-id ’ cows, but the diagnosis 
was based on iiiconqileLe study. Orgaiiisiiis labelled 
^ liaeiiiolyt ic diphtheroids', pri'laibly C'ai i/imlyur- 
Icrinm ppHjenc.^. were a!-o reeo'vercd from lh('.-fi 
cows. 

(r/) Sir. >aihd<‘iil im. Tlic elmraeteis of thi-N orga- 
nism an* fully described in M('clioii 11. Strain, s of 
slrejitocoeci ])ossessing such char.icti'rs wore vo- 
(‘overed rep<Aatedly from two Mukti'swar cows. 
During tin* later survey w'ork. om* of Ihcsi' jirovi'd 
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to inn'C'lod with Sh\ (Ujaladim, Imt iVoiii tlie 
othor Htr. fnikichhifi wa,s again r(?<Jovcr('d. 

(f‘) Htr. jjynyencti. >>tf\ pyoyenrs (i.n. .strongly InH'- 
inoJyiif.; .strf'])rococ{u Ixlongiiig to IjanopKoId’s group 
A) was not isolaffsl from n. singlo casi*. 

2. Sla phijhrocri , StupJiijlocovci nonsiclorod to Inivo 
pailiogenio iui])orfcance wore isolated iron) about 
20 fininiala. None of tiiese strains was actually 
tested for its pathogenicity, but a few were found 
to be haemolytic and, co-agula.se po.sitive. Their 
characters are further de, scribed in Section 11. 

3. DryMherovh. MiUiy of those isolated were 
ohviou.sly noti-pathogenie. C. pyogenea was i.solatod 
in ])ractieaiiy ])in'e culture frcnn ])urulent udder 
.seoretioms of live ‘ hold ' cow.s and one ‘ field ’ 
buffalo. Two more strains from ' fudd ' cows 
and labelled ‘ liaemolytie, dijditlu'roids ’ were pro- 
bably true C. pyrujcnes. In all tln.se, there wa.s a 
history of a sup])Lirative nuistilis. Tin* c.ultnral 
and other c.harac.ter.s of the.se strains corresponded to 
tlfose of cla.s.sieal (1. -ygogenes from ina,stitis and other 
diHea.se conditions, viz. small Grn.m-[)ositive orga- 
iii.snis, forming minute haemolytic zones in blood 
agar, dige.-^ting milk and gelatine and solid .serum, 
and giving acid in Juetoso anti not mannitol. Another 
cliuraeter, jmrhajrs not ])reviou.sly descj-ibed, wa.s 
their power of hydrolysing hip])nra.t(*, like Htt\ 
(ujatm-iiae, Imt to a somewhat lesser extent, esju'eially 
when grown in media, containing a little ox-hlood 
.serum. This pro])erty was manife.sted by all tlm 
mastitis .strains as well as by thost' from otlier sources. 

4. Bncin'iinn coll. Bud. coU and <;oli,hjnn organ- 
isin.s were, isolated from several cows. From 
one cow and one l>ulTalo at IVhikteswar, liueinolytic 
.strains of Bad. coll, were I'ecovered rejieatedly and 
this organi.sm ])rohahly caused the somewlnit acute 
nunstitis oeciuTing in these animals, 

f>. Myoohad. fnheraalo.'ii't. Altlnaigh a nundier 
of tests were made, there is but one case in whit'.h 
tnberculo.sis of the mammary gland was e.stahli.shed 
by cultural and ijiologicai tests. 

h. J/nre/h/acm.'.s' buderia. Among other bacteria 
of doubtful j,>at1i''\f-enicity, the outstanding organi.sm, s 
were strains of Pra'iatf^ and Bseudomonas. 

Hkctiox si. Systematic SIIRV15Y 

Ai'tci' Str. ayalitdiaa ius a cause of bovine ma.stiths 
iji India had been thdinitely established, it was 
decided to inadtute a goiersd .survey of the incidence 
of mldcr infection.s due fo this organi.sm in a few 
organiztd dairy herds. The re, milts are .shown in 
Table i. 

i\lATKUlAL AND METIltlDi-I 

A total of Dll COW.S, including four buffaloe.s, 
la'longing to It) dairy herds in different parts 
of thf' northern hulia, were examined. The 10 
co\v,s included as Herd 13 r.'rally coinsisted of animals 
admitted to the Punjab Veterinary College from 


various parts of Lahore ; they are lierdcd in this 
way for de.scriptive purpo.si'.s. Milk .Siunple.s were 
taken from the individual <[aafier.s of nearly ai! 
c<jWs available in the different herds. In a fe.w 
i-ase.s, <1110 or more tcaf.s wen* '' Idiiul a ml in each 
of two animals only one <juart,er was awailablt'. 

As tin* main object wa.s to determim* the incidence 
of iSVr. aguladUte infetitions and .since it was also 
desired to make .some simultaneous oliservation.s 
on the incidence oi' Siaph. pyogpuea infections, the 
cultural technique ('mployed was essentially the 
same as that used by th(‘ English workers [Miiu'tt, 
1034], viz. to centrifuge about 10 c.c. of fonnniik 
collected cleanly from individual quarters and to 
.sow the deposit in 5 pi'r cent ox-hlood agar plaif's. 
As a rule, two plates were made from each sample, 
hi the first half of the dejiosit anil in the second 
one-tenth of this amount was iakim. Wlien the 
deposits were partieulai'ly heavy or when there was 
reason to suspee.t a high liaeteriul eoimt, jilates were 
.sown from further dilutions. Plat.es were examitied at 
24 and 43 hours ineuliation and the ly|)e, of colonies 
noted. Piispieious colonies were, transferred to 
one pi-r cent serum broth for inoiqtliological study 
and jiurification (blood agar surface), tiireplococci 
were te.sted in the following manner. Type of haemo- 
lysis was noted in the primary growths from the 
deposits. Intensity and eharaeti'r of growtli in 
.serum broth were noted after 24 and 48 hour.s and 
inor[)l)o!()gy was studied {chain formutioii. tlram- 
staiuing). Fermentation tests w<‘r<‘ made in laetosi*, 
suiTo.se, mannitol, .salii-in, sorliitol, trehalo.se, 
ratfinose and inulin, all in one per cimt solutions and 
containing mu' per cent, each of ox-serum and And- 
rade indicator. .Also uoteil were final pH in glucose 
.hrol.li (one ])er ce.nt), hydroly.'Us of sodium hi])- 
pnratiq changes in lit mu.s-milk and methylene blue- 
milk (1 :20,tt<)((). Unle.sH olhervvi.se >tate<!, ob.'-ervat ion.-j 
wen* made during oiu' week at 37 (k 


The main resulta are .summarized iielow. Table 
1 .should be .seen again. 

1. Strepiococci. One hundred and twenty-four 
strains of streptococci, isolated from 87 cow.s and 
one buffalo, belonging to 12 herds, wiun cla.ssilied 
as follows. 

(rt) Bfr. agaladiar wa.s definitely diagno.sed in 
two he.rds and suspicious strains were, isolated I'roin 
three more henls. The ten siisjjieiouK strains iraine 
from eight cow.s a.s fVillow.s ; four from two cow.s 
at Tzatnagar and six from six cows in the neighbour- 
hood of Lahore, The ti'.u authentic strains of Ptr. 
agaladiae were isolated from eight cow.s and one 
buffalo. Thus, in this survey tiie. ]H'reentage of 
animals definitely iiirected with this organism i.s 
less than two. One of the infheted lierd.s at 
Mukte.swar (Herd 1) eontaini'd at the time of 
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hmdencp. of strepfncocr.i, dr. from milk mm])lr<; of 15 hcnh 


TTcn! 

Xo. 


Time of 

No. of 

Total sireitlo- 
eoff.H.it strain 
isolat.ed 

Str. agalactiae 

OtiKT ma'^titis 

Stroi>to«)cci. 

Staph. iiyofiMKiK 

I'la 

exami Oil lion 

mined 

.Viithcntif. 

Snsi.cctod 

streiitococci 

l)robal.iIy non- 
natfioirenic 

, .1 

MiikIfRwnr 

.lion'-.Tnly 

1940 

30 ntid 
4 lain- 
aloe,.: 

12 

(from 10 
cows .and one 
Imiralo) 

4 

(from 3 
cows and 
one Imffa- 
h5)^ 


(i) 8f/-.Kto7.'!, 

2 (from two i 
cows) i 

(ii) Sir, di/s- 
gahtriiae. 

One snspici- 
ons strain 

(from two cows) 
including 
one of dr. 
aculominimvd 

31) 

(from 14 l•('Ws 
and 2 Imffaloes) 


do. 
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1940 


24 

(from 9 cows) 




Str. aridominimrts 
24 (from 9 cows) 

(from"? cows) 

3 

Patna 
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1941 
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. .-23 

(from 18 cows) 

a : 

(from 5 COW.S) 



■ ■ 17 
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40 , 
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, 4 
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Deeemtuu' 

1041 

21 

4 

(from 2 cow.s) 


4. 

(from 2 
cows) 



n 

(from () cuw-,s) 

5 

Lahore 

i .lanuary 

1 1942 

99 

3 

(from 3 COW.S) 




' . 3' 

(from 3 cows) 

10 ' ■ 
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C 

do. 
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(5 






!■ ' , ' 4 ■ 
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34 
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8 

do. 

do. 

21 

; 1. 




; -i ' 

i 9, : 

(Iroin 7 cows) 

9 

do. 

do. 

21 

4 

(from 4 cows) 


(from 2 <•<.«•.<) 


(from 2 cowM 

(from 7 f'ow.s) 

10 

(lo. 

do, 

21 






(from 3 cows ) 

n 

do, 

do. 

21 

(from 2 cows) 




(from 2 COW.S) 

.1) 

(from 9 cows) 

1:1 
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1942 

30- 

1 




X 

(from 1 cow) 

l;.! 

do. 

do. 

10 

13 

(from 1 1 eow.s) 


4 

(from 1 
cows) 


9 

(from 7 cow..,) 

(from 1 cow) 

14 

Kew Delhi 

May, 

1942 

.44 

(from 20 cows) 
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(from 20 cow.s) 

49 , 

(from 2.) rows) 
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as 

(Iroiu 0 




(from fi cows) 
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(from 7 cows) 
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strains 

10 

strain^. 

10 

strains 
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amiiiation 30 cowk, mostly crossbreds, and 
four buffaloes in milk. 8fr. df/aladiae was isolated 
from three cows and one buffalo. There were also 
one cow and one buffalo in this herd previously 
shown to bo infected with Str. apalactiae. Two 
other cows, which were, apparently free from patho- 
^etiic streptococci in this survey, were found to show 
^tr. (Kjalactine at a previous examination (Section I), 
but the quarters from which these organisms were 
originally obtained were ‘ blind ’ at the time, of the 
survey. Obviously jiathogenic streptococci were 
also reco\'ered from five more (jows of the same herd. 
It is interesting to note that in herd 2, Mukteswar, 


which consisted of tlu^ small Afgimn and Kumaoni 
lull cows, Htr. dijalndine was not encountered. From 
the second infected herd (Herd 3, Patna), .six strains 
of Btr. agalactiae wtu'e rcc.overed from five (d’ 83 
cows examined. Beventeeii more strains of .stiaqi- 
tococci, which could not la; jU'operly elas.sified 
hut w'hicli were prol)al)ly of litth' pa,tiiog(Mne. signi- 
ficance, w'crc recovered from 13 other cows of 
this herd. 

The mam cultural and biochemical chajcacters 
used for classifying Bfr. agakiciiae and pos,s(’.sse<i 
by all strains accepted as Btr. agalactiae in this 
wmrk were as follow's. 
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Hacniolija.-;. ^^Ir. ntjidfirfiiic wuri (.-iiriily n-cogniKcd 
liy flio {-onipHt'ativi'ly Kiuali width and wrak diarac- 
|(M- of the i'i-ljaronoly1i(' zoiioK about tho dc(>[> ('.olonicH 
ill oA-blood a, liar plak'K after 2-1 hours iumibiitioii. 

(Uroit'lh. (ti'oui h iu one. or 0 ]inr ociit si'nim lirotli 
was m(Kli'nit.i'iy abundant, with clear Hupernafcant 
and Hoocidar sodiiiKMit , sometimes faintly pigment ed. 
The sediiiK'iil was eomposed of medium to long chains 
of (h'am-positi ve cocci. 

H/fdi'filifsiK (if hippurdh’. This re.a.g('nt 

was uinnisi akably hyilrulysed (usual lerric chloride 
t<‘st. \\ith unsown liipjnirate broth eoidrols). 

Vinnl 'pll in line per cent (jlneose broth. This wa.s 
generally low, towards '1’2. 

JntmnK-n>ill\ Fair inoeuln [irodiiced ra[iid acidity 
witli firm clot formation within 2-1 hours, wdth some 
decolourization at the bottom. On further incu- 
liation, a clear reddish whey was ex|)ressed. 

Meflnjlen(’ hlne-inilk. (hmerally, tin* results varii'd 
Avith the siz(* of the inoculum. Small inomila failed 
to grow. Heavy inocula (‘amsed a. <mm]ili'te rmiuct.ion 
and clot formation wiHiin 21 hours, followed later 
by ]irogressi\'e oxidation from the to]). 

Hnip/r reurlioiis. All strains produced, acid, in 
lactose, siicrosi', saliidn ami. Indnilose, but, imt' in 
mannitol, sorbitol, vaflinose and inulin. 

{/)) Sir. idx'ris. Sir. nbcn'.s (Mast itis 8treploco('eu.“. 
Hroup 111, oi Minelt rf ol.) vas isohded from two 
eoAvs at Mukteswar, Both wm’e a-lniemolytic, ga.vc 
abundant iloceular growth in acrum broth rvitii 
clear supernatant, formeil short to medinin chains, 
hydroly.sed sodium hijuniraie, produced a dual 
/dl •l‘G''1*i) in glucose broth, acid in litmus-milk 
Avitli small ino<'nla but acid ami soft clot within 21 
liour.s with larger inoeiila. a,<’id in htcio.se. sucrose, 
mamiitod, siiliciji. sorbitol, in'-hido.sc and inulin. 
but not in reHhio.se. 

(e) Sir. ilj/.-((j(ihicliite. Sir. (Ii/si/nldeline (Ma,.s- 
titis Htreptoeocou,', (!ruu[) II. of Miiiett el (d ) was 
sitspeeted in one cow iit Alukteswar, but tin' ri'actions 
were not quite tyjneal. Fxcept for tin' type of 
haemolysis, tlu'se charaefers wi»re not vt'iy diffci'cnt 
from those manifested hy strains iahelh'd as Sir. 
iddMJir.nlu!^. The organism was a-lun'inolytie, grew 
ahundantly in serum ])roth as a Jloeeular jugmeuti'd 
sediment with clear .supernatant, short to medium 
chains, a final /dl of 5' t in glucose ])rotli, no hydro- 
lysis of sodium hipjmrafe, acid in sucrose and tre- 
halo.se. Hiuall inoeida in litmus-milk and metiiyh'-iie, 
blue-milk gave no change', larger inocula caii.sed 
a slight and incomjilote n'dnclion later returning 
to normal, 

(d) Sir. .i-.idKieiilui^. This was the lahcl given to 
a number of strongly [i-haemolytic strc'ptoeoecus 
strains isolated from various cows at hlukte'swar 
and elsewhere, someiinu's la'peatc'diy and in large' 
numbe'rs, is,nd ofTen in asseee'iation wdlli Slap/i. pifo- 
genes. The'se streptococci were cousideved to be 


definitely pathogenie' anel Ihe'lr niain emit. oral anel 
biochemical e'haracte'rs Ave-re as (hlhiws ; ly])ieal 
stre])t.ococcus cole)nie'S, beefh de'ep Jtnel supe'rtiedal 
ones being surrouneled by Avieb' zenu's e)t e'h'ar f-i- 
hae'molysis ; abumlant anel senm'liines ])igm<mled 
tloee'ular se'dime'iit am] eHciir snpe'riialiUit in si'rum 
broth, e.liaiuH of nie'elinni length : final /)li e)f 0-2 - 
rbfi in glueo.se', brotli ; hipjiuriite- iml hydreelyse'ei : 
aehl aaid shAAvly-fenmieel iue'eunph'le e-lot. in litmus- 
milk with slight reduction at' be)tte)m ; .small inoe-ula 
producing no change in inelhylem', bliu'-milk but 
larger inoe'ula. causing e’om[iiete' re'due'tioii Avith eh)t 
formation ; acid only in lactose, .sucre.)s(‘, anel, 
tndialose. 

Two of the, sc strains we'Ve', t.esfeel for pathoge'jiieity, 
using 0-5 c.c. .serum leroth eulture' intra-peritoneally. 
I3oth were iion-])<U.liog('iue'. at tliis dose, 

(c) Sir. (widominimns. Twenty- five' strains, iso- 
lat'twl (rom ten e,e)\vs at Mukteswmr, heiel t.he eharaev. 
ters of this spe'cie's. There’ wiis uei e'vieieneie eif mastitis 
in the'.se e-e)AVS anel the' ,sl re'pteee-eice'i apjee'areil. 
I.e) be' .sapreepliyt.ie-. Tlie'ir ,sidie*nt e'ha rae'ters were’ ; 
eilfelni-hae'umly.sis ; .slight, nnifen-m tmj-bidity in .serum 
brnt'li, .simi’t te) meelium chains ; final pH (l-fi in 
glue’o.s*' bre>fh; ee)niparat.i\ ely we’ak but de'finite 
hvdre)ly,si.M ed’.seidium liippureif e' ; m> ehange in litmus- 
milk eir me'fliyh'ue' lilue milk ; ve'ry weak acid in 
laeto.se’, sure-rose' and trehalose'. 

(/) rncUtesi fieri. Hevejity-three si rains isolated 
from 5fi e‘e)Avs rmnlil not bei properly edasHified. Most 
Ave'i’c eon.side’re’el of no din'ed; ])athe)geiiic signifi- 
cance. 

- 2. Sla phjjloeovei . The'.se’ e-omniunly funnel orga- 
nisms we're’ divi.sihle’ into two main groupf? jMiuett, 
11)371. ■ y 

[a) Saprop/iglic staphijloeoeei. (i) CV>louies uu- 
pigmciit.eel or white' ])igme’utcd. superficial enu'S 
often re’.sfingem ii bcel e)f e-lcar haeinetlyais but eb'cp 
colonies e'it.lu’i; imu-lme’umlytie’. or surrounded by 
zenu’.s e)f gl-('e'ni.-;h elise-olouratie'U ; (ii) ColoJlie'.s pig- 
me-ute'el ye-lle>w en- some'what like ’ Staph, aureas ' 
or, as ill eim^ e-a.se' eenly. like ' Staph, eifreas ’, ge'iie'rally 
with mi evieleiiee nt haemolysis jti-onnel e'ithe-r el(’e'|) 
eir supe't-fie-ial eeues ; (iii) Small colemie's, the deeper 
OIK'S ineire miiiufe' ami often siu-reutudeel bA’ fair- 
size'd zoiH'.s id‘ iiite'use' gree-ni.sb elisejolourat iem, 
Orgauisins eif the h-ist gre»iip hael a e-lmrae-ie'ristic 
le.inleney tee form te’friids. In ee.v- lileieeej agjir plate', s, 
their minute' eh'cp e-eilemh's Ave're .sometimes liable' 
to be mislnke'u for stre-pteK'eie'e’us (-e)lonie's. ITtee 
few .strains .stmlie'el e)f lhe',se> ejiffere-nt t.y]ie's we'ie' 

’ founel. to be non-prot eolyt ie- ami faile’el te) form e-ene- 
gida.se’. <)r setliibiev haeuiolysi.s. 

{h) Siaph. p//ogen(>.‘i. ( 'ohjnie's gcm-reilly pigmente-d 

like’ ‘ Staph, aaren.'i De-e-p e-eileeiiie-s lA e-re' suiTeiiimb'd 
(i) in seAU'ral (-;i.,se‘s. Iiy wieie anel we'll elcfim'el zenii-.s 
ol'elarkeuing. e-ha, riie-.t(‘risi ie- ol' [-J toxin • (ii) in a fe-w 
cases, by mode-reite.’.-siz('el zemes eif (-le-eei- luieiinjly.si.s, 


■R am Nabain I^Iohaisf 


177 


('ljavnct{'ris(ic. of a-1:oxm ; aud (iii) ii) most, cases, 
iniiiicdialcly hy com[)nnjtivoiy narrow zones of 
clear haemolysis and j.K'nplici'a]ly by wider zones 
of darkoninfr, indicative of both a-and fJ-toxin. 
Storage in j In* cold, bronpht abont ])rogres.sive changes 
in the.s(> din’ereut types of haemolysis chaructoriatic 
of pft^lhogenic '<taphyloeoc(>.i of bovine origin, Sii])«‘r- 
fieial eoloni(‘s were generally haernolylle. A few 
strains studied were found to f)roduce soluble hae- 
inolysin : they were actively proteolytic (gelatine), 
*■' generally fenneiited mannitol and invariably formed 
cufagulaso for rabbit plasma. 

f^Uiph. pjfinjcncs was encountered in 204 quarters 
of 12b (‘orvs and. two buffaloes, i.e. in nearly 24 
•[jer cent of all animals examined. No herd was 
found com])leiely free, from infe(!ti(m with tliis 
organism and in some tlie. incidence was nearly 60" 
])er cent, In many case.s the eohmics obtained w'ere 
very nnnuu’ons, and it see.m.s tha,t Slapji. pi/ogpucs 
may l>e r('gard(-d as the cummones.t <'aus(‘ of luhb'r 
infections in this country. It was, at any rate, 
foniul to lie eomnioii in milk from cows whie.h had 
developed acute infiaimnation of the udder, gcmerally 
^ post-parlnm. With suitalde troatimmt and care, 
such \idders tended to return to normal, but the 
w'orst-- affected quarters eoniiuucd to excrete the 
organism in gradually decreasing numbers for 
some time. Similar affections also .seem to be 
. as.sociated with otlier bacteria and occasionally, 
especially when examined quite early in the on.set, 

\ it may not be po,ssible to recover any organism of 
pathogenic signiHcauoc. 

A i; ■ .Discus.sion 

It is ho])ed t.hat t]ii.s work may’’ provide, preliminary 
information on the general bacteriology of the 
diseased bo\'iiie lalderin Imliu and may furni.<h .“loim' 
iiiforiTiatiot] on the iucidence of different types of 
■ streptoef)cci, .staphylococci, and otlu'r organisms 
recognized to be commoidy' a.ssociated with the 
disease in other count. lies. 

The methods n.sed Ibr .streptoeoeei wi*re ri'Stiicted 
to thei)’ cultural and hiochemical characters. Siwo- 
logical tyqiing was not undertaken, partly' liccanse 
obiects of the work did not demand it, partly hecause 
the typical strains of jS7r. ////uh/c/mc- can he recognizial 
without much difficulty i)y the methods n.sed and 
(lartly because facilities for serological work were 
■i not available. . 

.Since svstemat ic cxa,minat,i(m foi’ luhh'r induration, 
etc. was not done, it is not po.s.sible to give maturate 
iuformalion about, tin* correlation Ixff.ween the 
differcMit liacteria and tint various kinds of ud.der 
affections. However, some iiiformat ion of a 
general eharacti'r. based partly on the clinical history 
.supplied and partly on a few clinical examinations 
has been incm'porated. 


Summary 

ff’hks paper gives an account of ]jre]liniiiarv in. 
ve.st-iga,tions, carried out from ittffo to itM2, on the 
general bacteriology' of mast. ilis in eow.saml bufiaioc.s 
in India. Sy’^stema.tic examination of the udder 
for indurations, etc. was not taken up. 

The fir.si .section deals with the exaniinarion of 
over UK) spe(tiinen.s of udder .secretion from (S,") (•ow.s, 
including a feiv buffaloc.s, affected with clinical 
mastitis in different parts of the, country. 'I'le* 
.second section is couciwned with a .svsteinatie exa- 
mination of 511 cows from about J5 different da irv 
lierd.s in the northern India,. 

3. Bacterial infections of the bovine udder in 
India correspond fairly, in type and cause, to similar 
inftndions ’in other countrie.s. 

The existence of *S7r. agolacfinr has Iieeii (^stab]i^h.- 
('d in both cow.s and huffaloe.s at a mauixu' of ])Jaees, 
but the incidence is low. In tlie preliminary' work, 
.sevi'ral .strains of »S7r. af/iiJnr.tiar were, recoveri'd 
from cows and huffaloe.s affected W'ith clinical ma.stilis. 
In t.h(( sv^tmnal.ic .survey', ten authentic, strains 
and ten su.spicious ,stra.ins of Sfr. agaladi/iv wio'e 
isolated tVom eow.s and huffaloe.s lielongiiig to 
five lierd.s. 

Other .si reptixxx’ciiH groiqi.s occasionally lj;)uud 
were Htr. di/syahrfiae in one cow with subacute 
mastitis, Sf,r. uhpris in two cow.« w'ith a history of 
mastitis, and Sfr, t^uhaoulm from a f(‘w cows mostly' 
wit.h a, more or loss acute mastitis. There, were 
also .sevi'i’al .strains of streptococci, mainly from 
apparently healthy quarters, which ivcre. not iiroperly 
cla.s.sitifMl. There was no authentic ca.sn of iS7r. 
pyof/ciirN (Lancolield group A) infection. 

Among other u'cll -recognized ]iathogens of the 
bo\'ine udder were : 

(u) Slaph. pi/of/cntv, of whiidi some 250 .stiaiii.s 
were i.solated from nearly' 110 cows; this organism 
was held r<‘sponsilih‘. alone or in conjnuct.ion with 
others, for some acids' posf-pnrfuni. uia.stitis and for 
much clironic low grade mastitis. 

(Ii) Cori/iicliiK-t. wa.-. i.solated, often in 

pnr(> culture, from about five cow.s and one buffalo 
witli .suppurative mastiti.s. 

(c) Bari. cal), and other (‘oliform.s, were isolated 
from Hi'veral animal, « and si'emed to Ix' definitely’’ 
pathogenic in at least oiio cow and one liuffalo. 

(</) ()thcr orga,nism.s of possil)](‘ importanc-o wore 
throe .strains of Praleax and one sti’ain of P.ir)o!o- 
monaa. 

A ( ' KNOW I.K DOK M K .M'I'S 

Spac.e (Ux‘s not permit indiviibial acknowledge- 
nu'nt to all oflicors who were, on different tx'ca.sions 
eomiected with ibis work. Tin' two outstanding 
contrihiilions have been from Messes P.K. K. iyi'r and 
B. N, h>. Chowdliury. The former was I'cspoixsible, 
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for many of tiu.' fiiuIingR reported in Seetion T, 
and tlie'laits'r di{l inueli of the work on fininialw 
a! Lalioff'. 'flie writer is grateful to Mr J. 
Sliirlay i'av encoumgouucnt and ])olp in arranging 
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(Reeeivod for publication on !}0 April 11)45) 

(With Plates Vl-XI) 

organs of the 


Tins work was e.oinineneed as part of a general 
investigation of sterility of rows and. buffaloes, but 
it soon lieeaiiD' clear that the ])resent knowledge 
of the buffalo’s genitalia i.s very .slight indeed, f'on- 
sequently, a .sliort iimnediate eontribuliou towards 
a. betler knowledge of this subject was ileeined 
desirable. 

. 0 . 1, r'o:.n>.AH.\TTVK OICNIT.M, A.NATOAfV 

Uterus, Plato VJ depicts the uterus and adjacent 


cow anil Iniflalo. As the average 
Punja,b buffalo (Murrah tyjie) is larger than tlie 
I’linjab <-nw (Bahiwal type), so i.s the fonner'.s uterus 
gene.rally larger tlian Ihe latter'.s. 'I'able ! give,s 
.some (’oinparat ive mean nieasnreinenl of these organs. 
The organs also Hiffer l•onsiderably in thi'ir I'olonr 
aiifl texture. The nti'VU.s of the xebn is ereain- 
eolonred and faintly tinged nit.h pink, in the young 
anima! and, in the older, yellower iik<‘ old ivory. 
The buffalo', s uterii.'-; is winter, and is .stippled with 


1’a .bl e I 

Some compnrafu'e mrusuromenfs nf tJie geniUtlm oj the vow (twl huffalcy*' 
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Fig. 2. Uterus of a buffalo 
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Fig. 7 

Figs. 1-7. Various stages of corpora hilea of c( 
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superficial Veins, not obvious in the cow. The 
surface of the cow’s utoriis, except near its attach- 
ments, is satin-liki^, but tliat of the buffalo is faintly 
knotted both by the above-mentioned veins and 
by white convoluted Htrlae. Again, a point of im- 
])ortance when making tactile examinations yer 
nx-tnoi, except in the heifer, the ancestral uterus 
of the cow is (lomparatively flaccid and collapsed, 
but in the Imffalo it ivS turgid and circular in cross- 
section (Plate VI), However, as the exact age and 
niindjer of calvings of tlie animals examined w^ere 
not known, these are approximate impressions 
gained from liandling nujuerous orgaius. A niore 
exact knowledge n', quires a dee]ier intimacy, with 
the genital cycle, 

Iniernally, the iu)n-gra.vid cotyledons do not ob- 
vioii.«!y differ, but it. .should ))e menlioned that, in 
either animal, the apfauirance of the resting coty- 
ledon.s is vuriabh'. 'i'lieir ajiices may be, dimpled, 
flat or rounded. Again, they may be ivory-pink, 
caja-du-ldit, or even dark-brown in colour. In 
yoimger animals, they are u,siial]y clos(?ly spaiuid, 
forming deeqj rugae ; in old animals, tliey may be 
almost unnoticeahle. Williams [1U2I] and (^uiiihui 
11929] attribute this vuriatioji to disea-se, fait v.'o 
feel that as yet insufficient evidence can b(' adduced 
to prov'e thj.s contmition. ' . 

Fnllo'pian tubes. The differential measurements 
of the fallopian tubes are given in Table 1. The 
buffalo’s are more deeply involved in the broad 
ligament than the cow’s ; they are also coarser in 
appearance. 

Orailes. It is difficult to compare the sizes of 
the ovaries fur the normal variation within the 
species is considerable. Some measurements, how- 
ever, are given in Table 1. 

jN’evertlioless, tlie di.sposition of the ovaries differs 
notal)]y, for the cow’s lie loosely in their attach- 
inems, whilst the buffalo’s are more tightly secured. 
This ma}' be w hy the buffalo’s ovary Is more difficult 
to locate per reel inn. The ovaries also difl'er in 
appearance ; in the cow’s the iiniuatare foUicles are 
,su])erfic.ial, mottling its surface and sugge.sting sub- 
sujierfu'ial bubbles. The exterior of the buffalo’s 
ovary, liowever, exc.cpt where a follicle is maturing, 
h usually homog(‘ueous. 

Oi'iifiai) cijcle. The changes in the corpus luteum, 
even ui' the same sjieeies are never alike. Moreover, 
the eulmir of the corj)us luteum alters when drying. 
In the colour-pJait's and description, therefore, an 
attempt has been made to give an average appear- 
ance of tht' ovarian vtiriaiion. 

In the i-ow, tin* ahout-to-rupture follicle (Plate 
^'ll, ilg. 1) is a slightly protruding .sac, its wall being 
veiy thin at its Ujicx. The follicle u.sim]!y aiise.s 
on the, free eurvature but occaaioually it lie.s clo.se 
to the ovarian attachments (Plate VIII, fig. 5). Wright 
(tmpubli.shed) fixes the mature follicle of the Euro- 


pean cow at 14 mm, diameter, while .simultaneously 
various na.scent follicles up to 5 mm. diameter 
appear elsewhere on the surface. Aftei' ru]iture, a 
blood clot, and tlicu a haemorrbagic; corpus luteum, 
10-12 mm. diameter occupies the cavity. Natural 
rupture occurs towuirds the end of oe.sti'U.s and the 
corpus luteum therefore forms during early pest- 
oestrus (two to three days after rujjture). Two or 
three days later the corpus luteum reaches 12 to 
15 mm. diameter. Picgrettably a specimen of this 
phase could not be illustiiitiul, but. Wright (])eraonul 
communications) describes the c.olour as cream, iind 
McNutt [1924] as light brown. At this stage a 
small portion of luteal .sub, stance often jirotrudes 
through the aperture of rupture. AleNutt [1924] 
Bays protrusions art^ vm-y ineonstant ; in the present 
apecimen.s tliey occurred in 51 -5 per cent of lb 
mature corpora lutea. Suliserpient stages of the 
lufceai cycle are reproduced diagranunatically in 
Plate Vn. 

There is some disagri'eim'nt about the periods of 
maturation and regression of the coiqtus luteum, 
but enlargement is known to last at lea.st 12 and, 
in the opinion of .some, 17 days. Hovvei’cr, it seems 
safe to .state that tin? body and jirotrnsiou enlarge 
rapidly during the finst half of the cycle and remain 
about maximum until the seventeenth day. 

In the present work, the average diameter of 
mature bodies was 20 mm. the protrusion mea.sur- 
ing about 5x 10 mm. in the early stages and lOX 28 
mm. at maximum. During maturation, the 
colour of the corpu.s luteum change.s from 
stone or buffi to bright yellowi.sh 
orange, but the 'protru.sion often remains haemorr- 
hagic (Plate Vir, fig. 2 represents 6 to 8 day body 
and fig. 3 repre-sents 12 to 17 day body). After con- 
ception, tli(i body, .apart from lo.sing ite haemorrhagic 
appearance, persists, unchanged lioth in size and, 
colour, a.s the corpus luteum of pregnancy. Failing 
conception, the corpus luteum .starts to regi-ess a.boiit 
the .seventeenth day or a little earlier. iTie lun- 
morrhagic appearance of the [.'rotrusion di.sa])pear,s 
within a week and the entire body Insionies yellow 
(Plate vn, fig. 4). The corpus luteum slirinks and 
the protruffion liecomes oi'crgrowu by the adj.-icent 
ovarian tissue — a process simulating inward migra- 
tion (Plato VI I, fig. 5). During regtession, tlie colonr 
chauge.s of the corpus hileiim are v<mt .striking ; the 
yellow iii'.st tnni.s to a tu-ighl cural or hrick-red body 
about 8 mm. diameter lying wholly within the ovary 
and later to a, small brown scar ■) to 5 mm. dianu'tcr 
(Plate vn, fig. b). 8ome ovari('s i ontaiu numerous 
coral or l),rown bodies, but oilier, (juitc functional 
glaiuffi, lack Uiem. McNutt |i'.i2l] .snggesm the 
former are ovaries of aged, animals wlmrc r<-;j:n'ssh)n 
is .slow and the latter, the gkuids of young aiiiinal.s 
in wTiicii ivgrcs.sion is always rapid. However, in 
the present instance it is not safe to dogma.!, is^, 
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JuTausc, I'ciiliiiu previous oeslTii history, thn ag’e of a 
forpiis luioinn alter three weeks eaii only he ji’uessed 
!)v^ tile appi'afunce of further reirular ova,riiin aeti- 
\ijv; l)ur in hisloryh'ss sJiiuj;lil('rli(iiiKe speeiinens 
ihe're i-i holliiii^ 1o shew whetln'r one or more aistnil 
[lerioils Inive heen missed or, whether an inl(‘rmediate 
falst' lead has oeenrred. 

In the hiilfalo, the immature follicles are iiot 
o-euerally so superfi<-i;d and tin' mottling of the sur- 
face oF the ovary Is therefore not often present, 
Th(“ thinning of the api'X of the maturing follieJe is 
less notieeahle than in the cov\. In this work, 
follicle', AM!’ie<l fVoin h to 10 mm. diamei«‘r, hut 
tliosi' easily rnpl nrahh* ranged from 10 lo 10 mm. 
A maturing, hut us vet not superficial follicle on 
a cut. la(“o of the gland, appears at Plate Vlfl, fig. I. 
.Vt Plate ^'^ll, fig. 2. is illnstrateil a reci'utly ami 
naturally riifilureil follieh- idled with hlood elot and 
coagtdiiin. Plate V! 1 1, fig. o illustratiss an unru])- 
tured, nearlv mutun* follieh' (left exlvemity of the 
gland). MeNntt |l!)2lj says ilnu’e is no hai'inorrliage 
into the n'eently rnptaired follieh* of I lie cow, 
hill in the hnlTalo. at least, this apjiears to 
{i(:'ea.ir. 

The newly foimed corpus luteiim is about. 13 mm. 
diameler and ir, (unkish-grey. veined with red (Plate 
Ylil, fig. 3), This veining, togi'ther with a whorliiig 
of the luteal .siihstaru'e, gives the eui, surfaei' of llie 
enrpus luteum a marhled appi'aranee eliaraaderistie 
of the lajffalo. At this .stage a, small hai'iuorrliagie 
protrusion is usually [ire.sent. Kulargt'tneiil up to 
20 turn, diameter continues until ,sc\i>ral days 
before tile next follicle ru})tnr<'s hut. milike {.he I'ow, 
the greyish-pink veined coloration remains ; and 
it is uolahle tliat never during the eycle is the Inl.eai 
substance yellow. The protrusion is sometinu's 
very large indeed, often larger than tin* body itself 
(Plate Vlll, tig. 5). In tin* ('vont of eoneeption. the 
eoi'pus Inteiim remains at its maximum (Plate Vlll, 
tig. 0) and the peculiar greyish-green depietial in 
the platt* i-i nor uncommonly encountered, cither 
during pregnanev- ov when tin* corpii.s luf.eum is 
mature. As ivgression occurs, the red-veining of 
the body and haemorrhage on tlic protrusion dis- 
a()p('ars, and the wliolc turii.s white (Plate Vlll. 
ligs. () and T). Then the protrusion becomes over- 
grown and the coipiis luteum sinks into the .stroma. 
Later the body hceomes stom* coloured and 5 to 
7 mm. diameter (Plate VJ 11, fig. 8). lu the huffalo, 
luteal [irotriisioiis wi're slightly (‘omnnmer than in 
ilie cow, viz. in fiS-H pm- cent of 71 observed cases. 
Their size varied from 3 to 10 mm., the. large, st 
being Ki mm. diameter, and their apices were mostly 
very haemorrhagic. McNutt [1924] mention.s central 
cavities in the corpus Intenm of the cow, but such 
were not ob.serveil in those, of the Indian zebu. In 
the, Imlfalo, however, they were relatively common 
varying from 3 to 5 mm, dirmieter, 


11. SoMK i*.^THOL.<><!T{'.\t cuNjuTioxs OP run on.xr- 

TALIA OP PpNMAU COWs .-VXMj fn'PP\|,oK.S 

The organs examined in tills work wi'n* ex slaugh- 
terhouse and presumably a large proportion W('i‘c 
animals coiideniiied for sl,(*rility. (Mi this uceouni, 
with, the exee|)tion of tnei.rilis. no tigures of lesion 
incideuee luive lieen attempted while inti'r-sp(‘cic,s 
comparison has likewisi*. lu'en avoided.. 

Metritis. Among tlie uteri of -lo cows and !,S;1 
bnffaloe.s, the mucosae of 1.5 (33 per cent) and 37 
(20 per eent) ri'spectively Wi-re congesti'd. Mefriti.'-, 
therefore, is relatively common in the Punjab euttk. 

Two common iypna of nietriii'J were dist inguislu'd 
— a chronic and an acute. In the chronic tyi)t>, the 
lining of the whole organ was furnal and greyish- 
cream in (‘olonr. The uterine wall was tlacciii and 
without tone, often with a milky exiidnh* on tlu' 
mucosa. Oeeasionally pM,(clies ol' eoiiui'Slion oe- 
curred, e.s])eeially in the tips of llie lionis ; but, while 
uncommon here, tlu'y were evt'ii rarer in tin' uterine 
body. 4Ti(‘ eotyiedotis. how'ever. were uniformly 
Asnppre.ssed. In almost all cases, the ovaries wen* 
a funetioiiid, and the st.ronia of the gland v\as lionio 
geneons and tihrous. This ('ondil ion would produce 
irrevocable sterility and was more fVeciiienl in the 
cow. 

In acute metrili.s, the uterine wall wa.s nion* or 
le.SM tonic, and the ftirring of tin* nincosa was laeking. 
(longe.stion. however, was nineli more prevalent, 
ranging from small pateln's in the lips of one ur 
both horns to wide.spread intlamniat ion. The amount 
of exudate varii'd with tin* ih'gi'i'e of con,m'stion : 
it was cream to eollee coloured and sometimes very 
sticky. The a.piees of tin* cojyiedons were generally 
more congested than oilier parts and were oi'ieti 
.slightly necrotic. The ovaries were nsuallv fiine- 
tioual and normal, hut in a lew one or other had 
become tihrous and afunctional, resembling those 
of the ‘ chronic ’ uteru.s. 

Richter [192G] .says, 53 per cent of sterilities in 
Europe, are due to metritis; Wi'h.ster |1932] in 
New Zealand gives 5-1 pei' cent, in tin' prf'sent 
work the ratio of met.ritis to total disease was 33 
per cent in cow.s and 22 per eent in hulfalocs. Whe- 
ther ovarian dysfunction precedes metritis, pro- 
ducing an easily invaded ufenis, or vvheUier haeterial 
invasion Is primary and ovarian dysfunction .si'con- 
dary, is debatable. As far as acute metritis is 
concerned, the writers preier I he l.-ittei' view, for, 
although, cerviciti.s is perhap.s unconnnon in India, 
in many of the met riiis eases I'Xamined the ovaries 
were apparently normal. Kailing exudate and eoii- 
ge.stion in a ‘ chronie ' uterus, the ovaries being 
functionle.ss, it is dillieuil to decidi* whether the 
le.sion is primary, or tin* ri'siilt of inifiroper uterine 
stimulation. It is jieeuliar (hat e.onge.stion is most 
common in the uterine horns, fartlu'st fronrexternal 
contamination, hut perhaps a more Htagnanl; drain- 
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Figs. 1-9. Various stages of corpora lutea of a buffalo 
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Fig. 1. Cervicitis (acute) 


Fig. 2. Cervicitis (sub-a,cute) 






Dermoids 


A, B and C, Qjstic corpora lutm 




ag'’" <‘au<’<-s {)f!-^isU*nl liilVet ion jiprt'alxtuls and tint 

Tun (‘ii'-ns of have ixxni iioh'd in tin* 

; (lie iiicfi ('(/iilaiiird or lour pints of 

milky rlnid ; tlm iitm'im' walls wen* (list(m(l<*tl, thin 
:ui(l ftii'.nic, \s1iilsl the mucosa, ospix'.iullv of the 
horns, \\as (hM'])lv conyt'sted. ainl in places necrotic, 
in one the <-<‘r\’ix also was s(‘verely indanied (Plate 
l.\, liy, ‘2). Tim i)vari<‘s of both contained c.entral 
cavities pi’obably evsts. . Nii'Ison (ll)2bj contends 
lhat retained corpora, Inlca, (x'.ctir only secoiidai'ilj, 
resniliny from cln'oiiic, pyonictric (mdonietritis. In 
)ln'S(‘ .'.pecinnms corpora lulea were jmt rc- 
ta,in(ML . 

.-V sinyle case of tubercular nu'triti.s was found 
in a bulTalo. ddu' utewine wall contained hard, caseous, 
pi‘a-siz(sl nodules, packed with ucid-fa.st baecilli. 
The !iodul(‘s miyhl have been palpaiile per rectum. 

t V/'c/c/V/.v. Pew ease.s of (tervicitis were seen. The 
only ontsiaiidimy ex;unplc i.s illustrated at Phate IX. 
More IViapieiilly a few streaks and patehes of slight 
eonyestion wen* oi>served bid, becau.se the bntcher.s 
seven'd (.he oi’yan near lln* eervix, these nniy have 
Ih:*(*u artihwd's, 

Ahii<ii‘iiiali(i(‘>! of tho Jaflopiaii (ithcs. Simple sal- 
pinaiti.s was not .seen in the cow, bitt wa.s twice 
found in the Indlalo. d’he tubes were h;irdened 
and thickened .suyyt'stiny clironieity. In one the 
.*d,t(‘ndant ovary wa.-^ emht'dded in the broad liya- 
nu'nl' and, toyether with the opposite ovary, was 
afnnet itmal. Pive ot-her fallopian lesions were found 
in the tml'falo ; in all, one or both tnhes were hlind 
at, the ovarian end. In four the uteri wen; conyested, 
their liorn tijis beiny indurated a,nd cartilayinou.s 
with the lunu'u eonstri<*ted (2-3 mm. diameter) 
and tortuous. The induration formed a separ- 
able core in the horn tip. Ovarian abnorma- 
lities occurred in four of these specimens. Williaru.s 
1 11121] de.scri-biny salpinyit.is says tluit as the disease 
proyresses, the pavilion is always involved and may 
be <‘los**d, eillier by adhesions williin tlie funnel or 
W'ill) tin* ovary ; the ovary may then beeome encap- 
sulated ill tin* ovarian jiuekel, and the tube, dis- 
tended with Hnid. Williams dtmotes tin* eondition 
as “ h v'dro.salpinx ffe believes the lt*sion re.sults 
from metritis ainl a.'^soeiates it wit.h cystic* (*orpora 
III tea. 

The* authors’ s{x*ciuu*ns a,yree with William, s’ 
dt*. script ion as to the oeciirrem-e c/f metritis in four, 
lutc'al (‘ysts in oiu' iiiid (*neapsii!ation of the ovary 
ill two ea.ses. Put., in all live, no obvious iuila.n:i- 
mat,iou, either [last or presc'iit <;onhl he det.ee,ted in 
the t, idles ; the blind ends were usually a,tiached 
to tin* ovary normally whilst, on resection, they 
w(*re lim*d by apjiareutlv normal thnhriae. This 
is unlike (,)niiiian’s |192V)| de.se.ription who writes of 
' (‘iihmyat.cd mueoim folds oecliidiiiy the tube. a,nd 
foriniiiy s(*pla Purthci, whilst in hydrosalpinx 


the tubes contain fluid, in four of tin* jue.a-m s[jeci- 
inen.s they held ya,s, which covild uol h<* cAaeiiuted 
into the uterii.s by pre.ssnre. Tin* Inllated portion 
reseruhled, in miniai.ure, a ehild’.s lov '^aimaye 
balloon, and ptie(imo.s{i,|piux seems a moie d(*scrip- 
tive name. 

Three s])ecimen.s of this lesion were prc'served 
and are illustrated in Plate, X. In one tin* clisteusioii 
(bottom right, Plate X, tiy. 1) wai.s 34xl-b ein., hotli 
ovaries ivcre iiorinal a,nd fiiiiei iomd, but tin* last 
quarter of the uterine horn on (lie affeeled side 
was indurated (bottom left, Iflate X, fiy. i). In 
the second speoinien both tubes were afleeted. tin' 
left terminating in a ya,.s- tilled .sac* like a small walnut 
(bottom left, Plate X, lig. 2). The cuca]isnlated 
left ovary contained immature follicles. The riyht 
uninflated tube was also blind, its attendant ovary 
being functional but cneapsulatcul (the rc'sect.c'.d 
ovarie.s can be distingnisln^d in Plate X, fig. 2, inside 
the curvature of the horns). Medritis was also 
present. The blind end of the left tube of the 
third specimen was attached to the ovary by a 
tibrous cord (right centre, Plate X, iiy. 3). Tin' 
tip of the horn was indurat.ed and, contained a, core 
(extreme left, Plate X, iig. 3). This tuia^ con- 
tained fluid not gas. The; attendant encap.snJated 
ovary wms flbrons and afunctional and c.ontained a 
cavity about 7 mni. diainetcn'. (Plate X, lig. .‘1, centre-). 
The right ovary was functional. Of the tw'o un- 
illustrated specimens, the lel't tubes only were 
afl’eetecl ; in one tin* left ovary was afune.tional, 
the right continued a, ciy.stio corpus lutcnnii ; in 
the other the left ovary wa.s^ afunctional, but the 
right w'a.s normal. 

Ovarimi abnormaUties 

(a) Abnormal dispositm^^ of the ovari/. In the 
biiflVilo but not in the cow, the encapsulation of 
the ovary varying from a partial enclo.siire, wdiere 
ova might still be discharged, to a total encafi.sula- 
tion wms common. In .some ovaries, expensed parts 
were crewsed and recro.ssecl with fibrou.s cords. In 
all but one of these ovaries, corpora hxtea indicated 
function, but in one (Plate XI, fig. 1) a luteal body 
con.si.sted of a tliin-wuilled cavity. Whether (this 
ovarian encapsulation resulted from infection of 
the fallopian tubes is problematical, beeamse the 
tube.s of three of the ea.ses were macro.scopically 
unchanged. 

(b) Dermoid f.vmotm. Teratomata were record- 
ed in four biilfalo ovaries. Three wiu'i* small pca- 
like bodies with a hard, shell enclosing a densi' 
coagulum, sometimes comingied with hairs (Plate 
XI, figs. 3, A and 0). The fourth wa.s like a small 
walnut. In threi; casc.s th(' ovaries were functional ; 
in a fourth (unillu.strale.d) the ovarian ti.ssuc was 
almost replaced hy a c.y.st. Neveitlieless, the little 
leniaining tis.sue had functioned recentlv 
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(<■•) Cif/itfr Ilf Tliive ovarian 

cy^i di'iiViirrat iiuis wt-n* observed; all in tin* 
hutTalo. in spi-cinu-i! 1 (Plate X!, fig. 2) multiple 
eysts entirely replaced tbe left ovary. Tlie rijj'lit 
ovary \v!is normal and functional. In specimen 2 
{'Male XI, fiu'. d B, ric’lit hand extremity) tin* antf'rior 
part of the ovary i;oi\sisted of a sinifle ,sae (25 mm. 
diameter) eontaininy coagulum. MMie sheath of this 
<-yst was continuous with the ovarian covering ; 
liie ovary was nearly intact, but its stroma contained 
a central cavity -i mm. in diameter. The third 
cji.se simulated flit* .^eeoiid. 

(d) ('//.■ilft of the. rnqni.s hileinN. Luteal cy.sLs were 
noted in the cow and in the btifTalo. Many corpora 
iutea conlaiii small cent ml euvitie.s (jibonl 5 mm. 
diameier) Jtppeuriiiy u.'j u ]iiirLiiig betwet'ii the wluuds 
of .mib.sljtnew It is diflieiilt ilierefon* to defim* 
(lonmtlity. In .some of the.se cjist's, however, t.he 
Intisil body was thinly walled eavily rri*(int‘Ut.ly 
contif ining it wbili.sli eoauiihim. M'alih* li giv»‘,s 
•sotm* coiti|)iir;itive sizes of corpora liiteji and their 
ca\'ilies. Luteal cysts jire jo he seen in IMate 
XL Fiji,.s -L A itnd ('. In Plate XI, ha'- I 1"L a white 
eenti'iil coaynlmn ean lie oliserved. 
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Thi.s condition, it jipiiears, is ofteti as.sociat.e(l 
with ot'hrr ovarian or tniuilar di.sea.se, c.*g, embedded 
and cysile oviiries. 

Attempts wen* made to expr(‘s.s cy.stic and normal 
corpora liifea of builaloe.s^, hut, except where tin* 
natural protru.siotv was large, expres.sion during life 
without injury to the. ovary did not .seem fejusihle. 

(.'ante o>i other jiarti^ of the ijetutalia, (.'y.sts on 
hiilfalo's genitalia an* very eotninon on the ut(*rine 
wail, on the hrotid ligament, on tin* lathes or neat' 


ii Bnuil-nut, but do not tipjienr to lie of gjvai im- 
jmrtanee and tln'ir aetiology is imlv-nown. 

ot' PAirr 1 

The. ittacroseopie. jtfijn'Jtmnee ol‘ the genitalijt of 
the COW' atid hitlTalo differs considerably. IMu* 
titerus of the buffalo is larger itnd mort* turgid tlnin 
the cow’s, it iilso has a. pi'ctilijir blue and white 
surface stippling. M'ln* fidlopian tnfies of thi.s iininnil 
jtre coarser a-nd more emlx'ddf'd in the liroad ligii 
ntents. The cow’s ovaries jire tnottled ;ind freely 
mobile in a l()o,se ittt,aehmt*nt, but tin* buffalos 
have a phiiti • w'hil.e snrfjtee uttd iire mon* Itglillv 
.seeure<l. 'iMie Itll.eal eyele in tin* eoW is notable 
for its Itriglil. colour elnmges, where.as in |.he Ijiifftdo. 
:i.p;tfl from lueitiorrhage on the protrusion and a 
n*markablt* red-veining. colour ehaiigt'.s are jtluiost 
jtli.simt, and the bjiekgrmind is alwiiys a .'•■nbifiied 
greyish stone-wliife. 


SUM.VIAKY Ot’ PART II 

M’w o common lype.s of melrii is Int vc been d,(*.jci il)ci! 
chronic and iiciite. 'The l‘m‘nier wji,-, more prt'\:(lcn{. 
in t.ln* cow. Two c.ases of pyoinetm in the cow and 
it case of tnlu'renlar metritis in tin* buffitlo w'ert*. 
noted. 

(.’ervieitis vviis rarely encoimtef(*d in tin* hnllalo 
or cow Imt om* e.a..se has been described iind iiliist,r;(,t,i*d. 

Almormalities of the lalloitinn tulx'.s were not 
•seen in the cow. But .sciveral were di'.st-ribed in t.he 
Iniffalo, live fteing umisuiil. 

Oviirian almormalities w'(»r<* rare in t.he cow, but 
weft* relai.iv(*ly tmmmuii in tin* buflalo, Kspecijilly 
noL'Worthy were ovarian (*iteapsnlai.ion, t(>r;itoni,ti!i , 
itnd cysts nf tin* reprodtietive orguns, 

.AcKN'OWnElHiKM K.\"|’S 

Mdie kindne.ss of ;\lrs Poldiiig in preparing the 
coloured plat(*s is gratt'fully ;ielcmiwlt‘dg<'d, wliiLt 
the writers are indebted |.o the I'rincip.al, Punjab 
Wtorinary College, for [cnni.ssion to use laiionitorics 
and ii pparatus. 
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Bl.OO:i) CtlANOHS IN CATTLE FED ON A FROTEIN DEFICIENT DlE'l' 

By NAit.vfx !)as Iveiiar and V.V,8. Murty, Auimai Nutrition Bcctioii, Imperial Vntcriuarv 
Reseafeb TuHtitilte, Izatnagar 

( Received for publication oit 25 January 1M;5) 


i ii'iFK’rKXov in llie supply uf protein is one of tlie 
cliiof liinitiim factors in formula, ting luibuioed rations. 
According l.o Wright's [19 .j 7] estimate, only ()-07t» ]1». 
of digestilih* crude protein is available per day for 
an aniiual weighing 50f) Ih. as compared with tlie 
normal reiiuirmnents of ()-3 11). This deliciemy 
is a.ggravated in times of famine and war. During 
the first great war, oedema, which has been ascribed 
by Knack and Neumann [1917], Kohmaii [19201 
and Maver [1920] to lack of protein in the diet, 
occurred among the famine-stri<-ken population of 
C’entral Euroiic [Ekiters and Van Slyke, 1932]. 
Krishnan [1941] also observed it during the 194:3 
Bengal famine. In our <'X])erimental animals, 
oedema of I he feet and eyelids Aims observed when 
tlu'y ha<l lu'.en kept on a protein-delicieni, ration 
for ft bout tlii'ec* months. 

In VU'W of the common prevahmee of protein 
deficiency in livcstoi-k in India and the lack of 
information on l)lood changes which could be used 
for the iliagnosis of this condition, a systematic 
study was made of the various hlood conijionents 
of catth* maintained on a low-nitrogen ration for a 
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considerable period as compared with thosi* of c.a(,(,h:‘ 
on a normal rfition. 

.Details of the low-nitrogen and the iiitrogcii-free 
rations used are given in a previous article jlvebar, 
Mnkherjeo and Ben. 1913]. Nine, Hariana bullocks 
were maintained on a low-nitrogen ration for 29 days 
and subsequently on a ivitrogen-free ration for 24 
days. Prior to .this, the animals had been kejit 
oil a sub-maintenance level of protein allowance 
for about two months. The control animals wevre 
fed on a lialanced ration. Animals of both groups 
were adults and apjiarently in good health. Blood 
was drawn by jugular puncture after 12 lioiirs' 
fasting’. The following morphological and chemical 
constituents were studied ; Total red cells, total and 
differentia 1 white c<41 counts, cell volume, lucino- 
globin, iron, sugar, e.holesterol, inorganic ])hos])liorus, 
calcium, magnesium, total nitrogen, uon-jirotein 
nitrogen and the protein fractions. All the mor- 
phologic.al constituents were studied by Napier 
and Das (lii|)ta’s |]94l] methods. Observations 
were, made in dnpli(;ate and the average, values are 
given in Tables I to II 1. 
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Blood Cham/es in Cattle fed on jn'oicln thjin'eni (hri 



Hnl rrllR. Tlip rod ooll count in tlio control 

"roup ('F’mMo !) wns 7-7 millions {rnininmm H-H ; 
nm.xiutiim D-.S), while fluit in the. ])roteiu-(loticionl’ 
"nmp was Ci-ts inillions (minimum r>-8 : maximum 
8-1) per (Mivm. These observations arcr in confor- 
mity wit It those of Weoch cJ al [H137] on dogs and 
of ky(‘r and Ib'thal |10o8] on ra,ts, though Orten 
and. Orton j 1940] found the erythrocyte count to 
ix' nearly normal in rats fed on a low nitrogtm diet 
from the time of weaning up to JOO days of age. 

White cells. The a,verage white cell count was 
7-7 thousands per c. turn, (minimum 5-7 ; maximum 
Hm) in normal aninuils as compared with 7*14 
thousands (minimum fb-l ; maximum 80) in the 
low-protein group (Table 1). 

White cell per cent distrilmtmn. From a perusal 
of the dilh'reiitial leucocytic counts in Table 1. 
it a[){)Pnrs that there i.s no .significant difference 
between the normal and the protein-delicient group 
excojit in (msinof)hiles. Ordinarily, it might indicate 
helminthiasis, but n-pcated examinations of tlie 
faeces of the animals rcveaJtxl no lielminth ova. 

Cell roJunic. The average cell volnme. [)er cent 
(Tafjlc I) was ."KMl (minimum bj ; maximum fil) 
in the normal atiima.ls and lo--! (minimum 37 : 
maximum .hS) in the prolAuu-deficient animals. The 
re.sult." obtained, by Xiteiburne (il);>(| ami Whuich 
rt al [1937] in d(tgs, ICyer amd Ihdiiall |1938] in 
rats are in agremnent witli onr findings <m bullocks. 

Carpuscular rainrs, Tlie average values for nica.n 
eorpii'^enlar volume, mean corpn.scuiar luemoglobin. 
a?Hl mean corpuscular IiiemogIol)ij) couceid raiion 
(Table i) are ()8'7 Cti g (miuiinimi 13-8; ma.ximmn 
8fi*2). M-9 VY (minimum 10-2 : ma.xiimim i'.i-l!) 


and 21-8 )>er ceiii. (minimum 20-2: maxi- 
mum -23'4) respectively in the normal aiiim.ai« 
and fifi*l On p. (minimum" .Tl ; maximum 81-0) ; l;i-39 
YY (minimum 1{>37 ; maximum lf)"7) and 194)f‘) 
per emit (minimum I7'0fi ; maximum 22-.->) in 
the protein-delicient a,nimal.y. 

Sufjnr. Blood sugar was <!etcrmim‘d by ilost 
and '.Hatlehost's |1920] mellmd. .\yeragc values 
for tlie control group, as siiov.ii in Tabh' II, are 
75*0 mg, per cent (minimum bB-M ; ma.vimum 8|-i) 
as compared with 70-0 mg. (ininiminn 07-1 : maxi 
mum 72-4) in the ])r()tein-dcficimil. group. Itiisscll 
and Weber |.lb34J found no significant difference in 
the sugar contents of t.he blood of tw'o gi‘oujis of 
hens receiving die.ts contamiug 12-7 and 19-1 jier 
cent of probfin res])e<‘tively. Wang ct al. [ 19.30-31 j, 
however, found a rise from 82'r) to 864) nig. jier 
cent wlimi iionnal young women were kept on a 
low-nitrogen diet. 

flarn)o(}h)hin. For the estimation of liicmoglobiti 
Newcomer's [1919, 1923] lechnhjUe was followed.. 

'file a,vera.ge Inummgloliin euiilenl ('fable II) was 
lower ill tbe protein-defieieni group, 'fliese [imlings 
a, re in conformity with lliose of Weeeh ct al. J 1937] 
on dogs, Kyer and Beilial ] 19.38] on pregnant rats 
and Orten and Orteii ]19lO] on growing rats. 
MeOaiiee cl al. ]li)38j on women, and. Mackuy rf al, 
]]942] on men, women and ehildren. 

Iron, 'fhe iron eontmil of the blood, as estimated 
Iiy tbe method of Wong ]1928], was .“)l-2 (mininiiini 
.’»()-2 ; nia,xinmm .‘)9-2) and 10-2 (minijniim 33-2 ; 
maximum irr2) mg. percent in the portein-deli- 
eient and control group!' respeef,i\('ty ('fable 
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Total (‘holf'.^lrrol. For chuR'sterol (vstimation tljfe 
t.t>(‘1iniquo (R'srrilxvl. bv Biiporji jlOSJiJ was folldwed. 
'riio nv('r;i^t* \'aiiu's For oholostcroi (Table II) fell 
From IHb mji;; per (.■ejiF in the eoJitrbi group to 115 
mg. in tl)e low ]>rotein grou]). Shelhurue [1934] 
iind Page e/ a/-. [ 1937], however, found that the 
change' From muanal to low protein diet had no 
eonsiste.nt ellV.ct on the cholesterol content of the 
blood. 

Calcl.ani. Serum <'al(;.ium was determined by 
Clark and (,'olIi])’s |1925] modification of Kramer 
and TisdalPs [1921] method. The average values 
For s('rnm calcium as shown in Table 11 are I0’4 
(minimum 9-1 : maximum 11’2) mg. per cent in. 
th(' control group and 9*7 (mininuim 8-2 : maximum 
10-3) mg. per cent in the protein-deficient group. 
Similar results w('re obtained by Wang et al. |l930- 
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31] Avith young women on low-nitrogen <liet. 

Mague.viiwi, Serum magufsium was ('stirnaled 
by the method of Fiske and Siibbarow [1925] as 
modified by Holzapfel [1934]. Average values For 
the Control groAip Avere 2=78 (minimum 2-51 ; maxi- 
mum 3*06) aiid 2-51 (minimum l;7fi'. maximum 
3'1_5) mg. ])er cent for the protein-deficient group. 

inorganic fhon'ghonin. Serum inorganic phos- 
])hor.us was estimated by the method of Fiske and 
SubbaroAV [1925]. Avetage values For the (iontro) 
and pi'otein-deficient groujjs are 4-25 nig, per cent 
(minimum 3-70; maximum 6-20) and I- 11 (mini- 
mum 3*32 ; maximum 5*67) mg. per cent respectively. 

Frolein fractions. Serum prot.ein Fractions Avere. 
estimated by the method de\'ised by Cam])beil and 
Hanna [1937] with .slight modifications adopted 
by Kehar al. [1940]. 
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NfU'W;uc /rro/ecn//w:luu/,.s- in. nontinl and protein-deficicnf huUock.'i {g>n. per cent) 
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3 

4 

5 

8 

7 

8 

9 

Aver- 

age 

TotiU prutritt ... 


O-IO 

8- 50 

8-14 

8'01 


7-50 

(r3(> 

7'!t8 

7-50 

7-38 

7-56 

7-50 

T'OO 


(m!:?. per 

; srvti 

3<v.'» 

aa-n 

30-4 

35-a 


2c2 

20-8 

25-7 

25-1 

•29' 3 

::i)-2 



, 26'4. 

KuBlnVmliii .... 


l-OO 

l-OO 

1-21 

1-03 


0-50 

0-80 

))-80 

(>•81 

(>■88 

(>•75 

(.ra!) 

(>■93 

«'80 


2'8l) 

IVOft 

2-S.l 

2-00 

2-,S.5 


2-50 

1-80 

2-04 

2-5'.) 

2-59 

2^83 

2-50 

243 

2>r)3 

I’hi'UiliiKttiUiilin 11 . . 

Uvl!» 

o-a-i 

u-io 

(:r2o 

(>•22 


()-.5(( 

0-10 

(l•2ti 

O-IO 

O'lO 

0-2-1 

((•ii 

O'li) 

0'25 

Tidal f;l")iulin 


4-;58 

l-OO 

4-10 

•l-(>!> 


3-50 

3-00 

4-OU 

3‘50 

3-(i;5 

3-82 

!,950 

3-55 

; 3-57 

.Altiiimiu .... 

■i-ati 

•1-8J 

l-5t) 

4-31 

l-5-jl 


4-(W 

3-30 

3-00 

4-(M) 


.‘{■74 

LOO 

4-51 

3'!>1 

Alliiimiii 

Ulobviliu ■ 

112 

MU 

Ml 

M)0 

111 


M4 

M 

((•!»() 

l•12 

I'Oll 

(>•98 

I'll 

0'99 

1-08 


It Avill i»e obiserved From Taide HI that tliere is 
a, general drop in the a verage values of total proOun 
and all the protein Fractions except p.seudoglobulin 
I! in the protein-deficient group, as compared with 
the control group. The.se observations n^garding 
the decrease in values of total protein and albumin 
are in conforiuity Avith tho.se of Frisch et al. [1929], 
Weech e.i al. j 1933], Shellrarne [1934], Bloomfield 
jl935] and Page et al. [1937]. Bloomfield [1933, 
193-5] maintained that in rats on a diet contain- 
ing 10 ]jer cent protein an initial fall of about 10 
pe.r c('ut, oc(;ur.s iu the total serum protein, but 
that value remains almost .steady even though the 
proto'iu Fraction of the diet, is Further reduced. 
Frisch et al. [1929], hoAvever, showed that .serum 
proti'in valm's of rats drojjpcd as Ioav as 3-6 per 
cent on a low-pi'olein diet and rose to 6-9 when 
casein was added to the diet. WoAech et al. [1933] 
and Shcll)urnc 119311 pointed out that increase or 
decr('a,sc in .scrum g]ol)uliu was not consistent in. 
dogs Fed on a low protein diet. 


Tile non-protein nitrogen value in the control 
group Ava.s 35-3 (minimum 32-9 ; niaxinuim SB'S) 
and 2(:‘rl (minimum 20-8 ; maxinmin 30*2) in 
the protein-deficient group. Ru.ssell and W('l>er 
[1934] and Sas |1935] showed that in hens and 
dogs the non-protein nitrogen r(>maiiied uiudianged 
AAdieu the subjects Averi' on a jirotcin-deficieut ration. 
But Wang et al. [1930-31] Found that the nou-pro- 
tein nitrogen of the blood of young women (b'.creased 
AA'hen they were transferred to a low protein diet. 
Knack and Neuman [1917] pointed out that the 
Tiou-proteiu nitrogen fell as the rate of nitrogen 
catabolism diminished. 

It will be observed that the average values for 
total globulin was 4-09 (minimum 3-89 ; maxi- 
mum 4-38) in the normal animals and 3-57 (minimum 
3-00 ; maximum I-OO) mg. per cent, iu the protein- 
deficient animals. .\ c-nreful p(!ru.si)l of the ftAoiilablc 
literature revealed no pre.viniis n'cord of f.iie varia- 
tions in globulin Fra'ctioivs as a nwult of a prolciu- 
deficient diet. It Avill be .seen From Table HI that 
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I>uth the eufflnhiiliii iiiul usoiMloglobuliii ! ffirctious 
iii'c l('Hs in t.fie pr()b(‘iii-fle{i(‘j(nit tliiui in the control 
"t'oui). Kluce giolmlins ure iisHooiated witli the 
inaintenniieo of i)ody integrity, it' may he that tin' 
deeren.sed amounts of these imnuinologically aetiv(‘ 
fractions in protein detieiiii\cy reaule.r the iniimals 
mure .■•us('e]')lil)le to infection. 

>St?MMAnY 

O.hserva tioiiM on the morphological and chemical 
constituents of the hlood of nornuil cattle and 
of those fed on a prote.in-clelicient diet are presented. 
It lias l)een found thal the red cells, white cells, 
cell volume, sugar, haemoglohin, iron, total choleste- 
rol. calcium, inorganic phosi'.horus. magnesium, non- 
[n’otein nitrogen and the ju-otein fractions are 
decreased in inotein -deficient animals. As the 
glubulims are Ps])ecia.lly assoeiated with the integrity 
of the body cells, it may be. that the decreased 
amounts of tlu'se immuiiologieally active fractioiis 
in protein-detie-ient animals render them more smscept- 
ible to infection. 
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imrollT ON A UETAUJOB S'l'ljio: OK MICIMIOUS OK' ^■OKlN(( liULIjiCKH 
FOE, AGRICLILTUEAL WORK CKESENTHI) I'O TilH 1 I Al, 
COUNCIL OF AcancULTURAL rushaucii 

By il. I'AUtiH, Ayricultnnil lilEgiu.'tM'. AyricMi(.mjil IiislilTil.' 

(Received for publication ou 28 September 1944) 

(With two text-figures). ' 


This Is a report of a study which is part of a larger 
programme of resoarcli being carried out at blie 
Allahabad Agricultural Institute ou the methods of 
yoking bullocks for agricultural work and on tlu* 
('fleet of body conformation on draft, ability of work 
a.iiimals. Tltis re|)oi'l will deal with the study of 
yoking iiK'thods, yokes and harness. 

'[’!)(' main t'bjct'l of llu' whoh' scheme wu.s to secure 
inforinatiou on the {'Ih***! I>ody coiifoniiittiun lias on 
the draft ability of work cattle, ThiH in form at .ion. 


es{)ecially if a positivi* coirelathm wcr(‘ foiimj. should 
provide a liasis for .selecting brci'diug aaiiiiiaJs. If 
readily nu'asured or recognised Ixtdy im'asun'mi'Uts 
can !)(• determiued which ar(' consistently a.ssociatcd 
with high flnill abilit}'. they sltmild be a x'aJimble 
guide to the animal l)fee<|er in S('lee1.ing brei'din;.; 
.st(H*.k. We wislu'il I'O (h'lei'iiiine how far .my siieh 
inea.suremeiils a,ssoei;ited with 'Irafl abilil.}’ eoincidi'd 
with botly ineaimreineuls (tr proponiom known Hj bi' 
confijstf‘.ut wil.h milk yi(‘i(li)i;.( ability. ^Ve part if iil-Miy 
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cul;-irly wished l-o dt-leniiint* how' ui.t‘ simple measiire- 
mmils. wtileli euidd hr ti)ade hy ordinary lireeders 
w'ii !iou1 elaboiatr app.iralus or mucli kjiowdedge 
ol r eiief.ics, could ser^a; ar, a ruide to the selection of 
hivedino sto<-k. We lielieved that the results of 
.•^iicli a study, e\'eM if uejiative, would lie (if vuiliie. 
It would show that some faisis of seleciicm oilier than 
such UKUisma'iiK'nls is mwu'ssarv. Itiforuialion as to 
the (‘.vtmit to Avliieh a certain body eouformatiou is 
desirahh' or necessary for maA'innim draft ability 
would hel]) t-(j settle the c.(jj.itroversy over whether it i.s 
[lossible to have a dual purpose breed or not. 

If we wrn'e to t(‘st tlu' draft aliility of the animal. 
It. seemed necessary that tlie auimal'lie t(^sted with 
a yoke or haiiK'Ss vvhieli enabled it to expert its ma.vi- 
iiimn ,sl i'ene,l ]i. There are wiihdy dilTerinij; types of 
yiiker, in use in India wdiieli ufijiear l(i differ in t.lu* 
extern to which ihey allow' tlie animal to n.se his 
stnuiyih. Aside Irotn its bearitiii; ou this sehenie, 
infonnulion aliout the effect of' the yoke on the 
aliility (»( a. pair ol animals to pidl a load would he 
uselul in practice. If yokes reailly differ as niueh as 
they ajipearto, there sliouhi lie marked advant.age in 
seli'cliii" tlie la'st one for ururval use. The a,doption 
ol a yoke wiiieli would increase the [lowcr delivered 
It) per cent would he equivaJtmt to addine the jiower 
ol aliout !).?)l )(),()()!) work animals to the power as'aii-- 
able to the Indian farmer. (Thm'e are bbJlH.Sfi-l 
bovine work animals in fndia- British India and the 
Indian Htates taken foccther, — aecordiii.u to the IfMl) 
census of live stock). It se<*ms ilesiralih* tlierefore 
to carry out tests to determine the best type of yoke 
or harness before trying to test animals.' It is with 
this preliminary work on methods of yokinji that 
this report is ormcerned. 

Souk- furtlier sfatement of tlu^ im])orta,nee of the 
[irolilem studied may he of value. The Indian 
farmer is practically entirely cle]jendeut on the draft 
imlloek or hiiflalo for power used in farm operations. 
The power developial by a sinale ])air of hnllocks is 
small bill the ac-}<re,-iate of all power used on the 
larms of India is very lar^e. []' the averaiii' fiower 
developed per animal is as little as one-fourlli horse 
power (H.P.). the aggregate is nearly H.00(),O()(t l-i.P, 

It .seems unlikely that animal jiower will he dis- 
jilaced in the near future in India. The .small size 
of individual lioldings. tlie [loverty of tin* iudividiial 
farmer, the dense popidatimi, the lack of fuel oil 
and othc'r lactors are all against the (wteiisive intro- 
duction of tnecha nicai power for tiu' woi'k now done 
by bovine animal ' [Kiwer. l^lveti ii' ineehanical [lower 
is to replace amiiia! powm. the jieriod inlau'veuing 
belore this is likely to take plaei* on anv largi' scale 
si-mns likely to b(“ long mioiigh to jnslifv stiidt' of the 
li(‘st method o| a|i[ilieat ion of animal power. 

It is well ri'rogni^u'd t.hat the Indian farmer is 
hampered liv lack of jiower. One of the most 
(•(mimon exensc,- bu not a((‘t*pting better implements, 


particularly [doughs, is the supposed inability of the 
Imlloeks to deliver the reipiired jiovver. Tlie only 
effective vviiy to inerea.se the [iroduci i\’e power of the 
farmer to any great extent is hy enabling him to do 
more work, or better work, in a given t.ime. One of 
the most effective ways to do this is to [iiit into his 
control more [)ow(*i' [x'r worker. Without any 
essentia] change in the [)!■(“, sent system of cultivation, 
tin* [U'ovision of more [lower will iin[ii'ove the [losltimi 
of the farmer Iiy enabling him to (lo bidter work, to 
do more work, and so to inere.ase his eaniings. This 
improvement will he in addition to anything w'hich 
may he acconqdished liy better seeds and led ter 
farm practices. In iVud most better farm practices 
ultima, tely depend on better imjiletmmts and moi-e 
power to work them. .At [ireseiit, [ndiau work 
cattle seem to develop le.ss power rhaii .sliould lie 
('Xpeeted of them. Aside from any quest, ion of 
improving th<‘ hulloek, any imiiruvmuent in the 
yoke used which will enable tin* bnlloidc lo tad ter 
{qiply his strength will he a gain. 

Hiiviiiw oe 'rriK literature 

Very little testing of draft animals lias been done 
anywhere in the world, so tlie literat.uu* on the subject 
is scanty. Rule of thumb methods have developed 
variotts fyj)(‘.s of harness and of yokes in different 
[Kii'ts of tlie world and even in different [uirts of a 
count, rv, as in India. Very few of these seem to 
have lieen subjeidied to scientific study and none 
seem to have been develo|ied fis the result of stuily 
and systf'maiic tests of ditfereut ty[)es. 

It, is known that draft ability in both horses and 
liovine animals is roughly proportional to body woigiit, 
tlia,t the big animal in general can ])ull more than 
l,he small. A good deal is known by farmers in 
western countries about the fitting of collars lo 
liorsi's, for instance, and there are references in tlie 
literature to the sojt. shoulders resulting from jioorly 
titl,(‘d collars or other cau.ses. Occasional references 
can be found to the advantages of a ' well-fitted 
yoke Our study ha.s not uncovered a single 
comparative study of the fitting or design of eitlmr 
yokes or harness. No aiticle has come to our atten- 
tion discussing the subject as the main item of i,he 
article. 

It is not difficult to understand reasons fur this 
situation. The art of using animals for draft work 
is very old and the ma,in fy[ie,s of liarness and ol’ 
yokes were lixed long liefoi'e, i,he age of scienfific 
enquiry. Whim imm tirst la^gan in modern times t.o 
question all sorts of pract.ices and ideas, |)(>rha|)s t,he 
harness or the yokes in use functioned relative!)' 
b(A/ter than other things. Attention therefore 
tended t,o he focussed wheia^. mo.st difficulty was fiffi, 
on the inqilements used with the animals. M.xeept 
for the appt'aranee of galls and sores ih-re was no 
very sensitivi' mei.hod of judging the fatigue of (he 
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ininial. liv tin* linw- ttial tin* 

had iiuivaso,! to I. 1 . 0 1 ":';',, 
hh'iii.s luivc ii.ul niou “ V ’ 

(i(n’(‘,lopin(-nt of tlu' ^ 

ap],li(>d ].artkulai;ly to animal 

the KtafiO where it seeinecl liM Iv P,. 

])()Wor in aj^rrieiiliure. ,^^ 1 ’^, striving i‘' 

displaced, there seemed ht.tk Tins 

or in trying to improve it or ’ lit, era- 

nrohalilv laryelv accounts for lJu s ■ . 


summarv, it does not appear to eonlmn anvlhing on 
il.c ciuestion of harness or yoking m.r dues tin' tnldio- 
,,,..,p|iv refer in any piililieation oii the siil>ie<-l. 

" With such a scarcity of work dune on ijiaff po\ve , 
it, is not sunirising that t here is little mat erial a vaila.hle 
OH imdhods and e<iuiimient. tor testing dralt powei . 
Wenger gives a detailed description of 1 In* '“‘’'''"H < ■'> 


pinhalily largely accounts for lJu >s(ai<i.' 

tureen the suhject. Wunrove yokes 

A few efforts hat-e fieen traeei ' Veterinary 
in India. Krishnamurty of the < 

College designed an improved yoke - eomnion 
Included in the types -O'okes 
u.se in Madras by the J)i rector of ' ' Veterinary 

larly, Mushtaq Ahmad ot the ^ not 

(Vdlege designed an improved yoke of 

included in tlie types reporteil ^ ‘ |,.ies for 

Agriculture, Punjab, in response to ou. ^ ‘ 
deW- to be tasted. A .'f ^ 

was designed for a. single bullock a, ^ miinnitted by 

College and was included m the y p j • ^jniilar 
the Direetor of Af-rioulture, Bomba , ad ' 
j-oke wtb no tafetaaee to one.n ..b,*, re 

reported used in (Iwalior. ' ’‘‘'r*'' sin.de hulhH'k, 
de.signed a leather strap ^ Denurtment of 

described in leaflet No. .t-r ‘>1 . 7*' ' i^.h has 

Agriculture, Madras._ No ^ ,om- 

coine to attention gives puhlislied 

parative usefulness of any of ' ' j.| to tlie 

Inaierial being conffned 

uses to which they may be pu_ . , <‘ife 

authors make "!'^''‘'lCtore publication 

tests to prove the chuins. ^ * p, t[„* 

inis come to our attention *^‘‘^** ‘ • vokes. 
world dealing with tests oi harne.s. I,.,vin one, 

held therefore .seenm to be n ji^^overed. 

unexplored and apparently practu-. ^ 

The literature on the tf “ns of anmtuB - 

not quite non-existent. Bull! tin 
1920, of the Agricultin^al hxpeinincnt ^ ^ 

State College of Agriculture an • _ 

l)v Collins and Caine, devotes -i J'*' Vid dication in 

Draft Horeea'. Thie U ^ Itaof .!«>« 

ISnslish devoted prinianly to disniswnb l ‘ ■ 

horets which has come ““t a en 

' Investigation of the Working ' “'“"1“" , t|,e 
Swies Cattle - liy Halts Wenger, 
only study of the draft abihty It is 

which has been available ‘innng ' ^ ‘ r ".j found, 
in German and no English onlv three 

Wenger lists a l>ibliogra]ihy of ^ o-etbods, 
being in English, one n to 

on th<^ bulletin by (^ollins am ■ Missouri 

shove and the third a study by " ^ J, ,nd 
l]niver,sitv. Eroin a translation of the iruKe 


,,hic,h h.r usd, which is of ! he gemM-:d type dcs.-.-.hc. 
l,y several olher workers, part icuhtrlv t nllms .-iiid 

^ ''(liUins ami Caine in Inwii .dale Ihillelm 210 .les 
crihe three variations of a f.raction dynaimmu-ter <‘ai 
for testing animals a,s follows : 

‘In the first dynamometer, built tor tins work, 
provision was in a, de for hitching each ol' two horsey 
ro weights in a manner similar to that shown m iig. 

In this case the traelive pull resulting from littmg tin 
wemhts is more than enough to propel tlu‘ dviianm 
inoixM- and it is nece.ssary t.o a])ply some ivsistam-. 
to Imld the maeliiiie hack. This wois done by g<‘ann. 
the rear wheels to a rot.ary pump and then n'gulal.m.i 
t.hediseharge from the pump to i.roduce khe ih'siret 
resistance. This regulation wiis made aiitoimit.r 


i,v conneelinu the valve so that it is operated l.y i 
(.'luiuge in the height of the weights relative to lie 

frame. , , . . ■ 

‘ When tlie weights are at, the linitom tli.. valve i 
(•los<‘d and the rear wheels are locked. As lie 
weiel.ts a, re lifted tlie valve grailnally opens until a 
flic^'top it is wide opmi and tbe pump furmshes i 
miidmuiu of resist, ance. In action this automati 
control a, Hows the dvnainoineter t,o move just las 
enough to keep the weights suspended wHietiever tli 
|-eam is moving. Th(> condit.ion ol the roml surtac 
or t,he grade does not affect t.lie amount of wor' 
done In'" the U'am hut merely reipiires that more o 
less re’sistanee must he funiislie.l by the |mmi 
Th(‘ l.raetive pull exerted by the team is euii.staul an 
equal to the sum of the weights wliieh are held sii.- 

peiided. . , • i 

■In action, t,hen, the tract.ive toree reiiuiri'.l I 
move the dynamometer (variable) plus the resi.stam 
furnished by the pump (governed by po.sition ( 
weights) is ‘equal to tlietraetive pull exmded by tli 
team (eomstarit). The dynamometer, of (‘oiirse, hi 
pra,ctical limits. On slippery roads it is diflieu 
to get enough traction for tin* wheels, in which ca; 
the'weights would not he lifted and the team won! 
be exerting a tractive force someiliing less than tl 
weights. On tlie other liaml where the roads ai 
extremely .soft or a very steep hill is. encouiitereil. it 
quite [lossihle that the tracliv.* pull requireil t 
move the machine it,s»*lf will In' greater than ll 
amount of the weights. This may readily occur 
only a iig.ht load were applied. In such a ease tl 
\w'ud:ts vroulfl strike tlie lop of I heir guides ami tl 
team would be e.xertingyi gn-ate.r Imcliv.' pull llm 
the amount of the weigh l,s.' 


Iinitom the \-alve i 
re locked. As tin 
iially opens until a. 
‘ pump rurnishes i 
ion this, automati 
!■ t,o move just fas 
ended whenever t li 
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‘ The dynamometer as built was equipped to 
furnish a tractive resistance for eacli horses which, 
could be varied from 60 to 350 pounds.’ 

‘ In ord(U' to test horses for their maxijuum effort 
for short periods, a larger machine was built. This 
dyna inometer is shown in figs. 5 and 6. This operates 
iii essentially the same way as the smaller machine 
just described ])ut differs in constructional details 
and in capacity. In the construction of the machine, 
the chassis of a Nash quad four-wheel drive truck was 
used. The engine of the truck was replaced with a 
rotary pump so that the same train of gearing could 
be used to drive the pump. The team in this case 
is hitched to a double ti'co and only one set of weights 
is used. The weights arc made of reinforced con-. 
Crete and normally rest ujmn the frames as shown. 
Each of the weights may be attached to the weight 
beam by turning a lock on the beam. Tlio valve 
controlling the discharge froio the pump is so cou- 
nected lo Ihe weight beam tliat tlie \ a.lve is closed 
when the beam is at ih(‘. top. fly Ibis means tlic 
forward movement of th(‘ truck is regulated a.nl.o- 
matically so that the weights will always he lifted 
while the dynamometer is in motion. This machine 
lias a maximum ca])acil,y of '1,100 pciimls t.ractivi> 
pull and a total weight of 10,000 ])Ouuds.’ 

‘ The machine shown in figs. 7 and 8 was also 
built for testing horses for their maxiniiim effort. 
It is mounted on the rear of a Ford truck chassis and 
as the engine was not removed, the truck can be 
readily transported with its own power. The large 
weights used are cast iron disks weighing 250 pounds 
each. As many of these as desired may he attached 
to the lifting cable. Small increments of weight 
may be added by placing them in the space provided 
between the two top weights. As shown in the 
diagram (fig. 7) a pulley is so connected to the cables 
that 500. pounds tractive effort is required on the 
hitch to support each 250 pounds weight. This was 
necessary in order to keep the total weight of the 
machine a,s low as possible. A. special sprocket 
attaches to the rear of the worm shaft and drives 
the pump by means of a roller chain. The lever 
operating the pump discharge- valve is connected to 
the weights, so that the valve is closed when 
the weights are resting on the frame and wide open 
when the weights are at the top of their guides. By 
this means, just enough resistance is autoinatically 
apjilicd at. all times to the foi‘wa.rd movement of the 
dynamometer to k(‘.ep the weights suspended. The 
height at which the weights an* carried dcjnmds upon 
th(' spc(>(l of the t('a])i, the aaiiount of weights attached 
and the road surfina*, but is of no importance as 
long as tlu' weights are not t.o u eh iug either the top 
or hot, tom of tlu' guides.’ 

‘ This macliim* has a nuixiimiui capacity of 3,200 
poujids tract iv»‘ pull a, ml a total weight of 5,230 
pounds, hi order to gyt enougli traction for average 


Toad conditions, it is necessary to use skid chains on 
the rear wheels and to put a skid under the front 
wheels as shown in fig. 8. For loa,ds very near tlu.'. 
maximum, additional weight is apffiied to the truck 
body. This is usually accomplished liy getting men 
to stand on the platform.’ 

‘ For transportation it is only necessary to dis- 
connect the tongue and skids, load them on the })lat- 
form and take off the roller chain which drives the 
pump.’ 

‘ This type of machine has been further improved 
by the addition of a three-speed auxiliary transmis- 
sion with power take off attachment. This pro- 
vides six forward speeds for transporting the machine, 
and the power take off provides a. more suitable 
method of driving the pump ; otherwise no important 
changes have been made. The machine is illustrated 
in fig, 9.’ 

■ It will be noted that the first dynauiomoter car 
described by Collius and Caine and tbo,se described by 
European workers are designed to give working- 
loads. Tlie two latter dosciubed by Collins and 
Caine are designed ]irimarily to test maximum draft 
ability, though by suitable inljustmeut it is possible 
to use them for smallci’ loads also. 

Broady and fellow workers used a tread mill 
apparatus instead of a loading car, which they have 
described in Missouri Bulletins 209 and 383. The 
principle of the tread mill is that the backward push 
of the ammal’s feet tends to move the travelling belt 
on wbicli the animal stands. This allows the animal 
to stand in one place, which may be under a shelter. 
In this way it is possible to have a uniform unvarying 
footing on which the animal works and which is 
independent of weather conditions. They first 
experimented with loading the animal l:)y using the 
tread mill to drive an. oil jrurap in the same way as 
was used on the Iowa loading car by Collins and Caine. 
This ])rovod unsatisfactory, possibl)^ due to the trea.d 
luill being in bad mechanical repair. They 
later loaded the animal by making it lift 
weights. 

M. A. Sharp described a simple traction dyna- 
mometer for maximuni draft tests in Vol. 22, No. 1, 
dated January 1941, of the Agricultural Engineering 
Journal. This consists essentially of a two- wheeled 
cart made from the back axje oi‘ <1 loiry or car with a 
jrlatform and draft rig added to it. It also carries 
a roller, on which a rope can be wound, fitted with 
brake drums and brakes, winch, when tightened, 
resist the rotation of the roller. The. I'oller is also 
geared to a device, such as « eaa- jack, which can be 
used to progressively set the brakes as the roller 
revolves. .Rotation of the rolle.r is sec.ured by un- 
winding the rope, the other end of which is fastened to 
a tree or stake. The a])})aratus is prej)ar(nl for a 
test by winding the roj)e on the rolhu- with rbe brakes 
slack and the team or single animal hiUihed to the 
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oar. As ihe aniinaj moves forward, the rope is 
]in]lod oiT (-ho roilcr. sotting the })rakes and increasing 
the rosistanco io rotation of tJio roller. As the car 
can only nmvo forAvard as th{' rope is allowed to 
unwind from the roller, increasing the resistance to 
rotation of the roller also iiK.Teasos the resistance to 
foiAvard movement of the eo,r. The animal or 
aniiuals oontimie to go forward till the resistance of 
the ear equals the effort they can or will exert under 
the degnic of nrging applied. In this case the pull 
?-iKe.s coutiniiously to a jnaximum and must be 
measured by some indicating or recording device 
intfiytoscd in the hitch from the animals to the car. 

There is somewhat more literature on recording 
ajipnratiis for measuring draft. Most commercial 
ajtjiaralns available is very expen.sive and not avail- 
al)le in .India and difficult to import in wartime. 
Even il‘ ava, liable, none of it seemed entirely satis- 
faetoi-y in ont' or another respect. The greatest 
draAvbaclcs, Iioavca'ct, were non-availability and 
(V)st. ('oil ins describes the Iowa traction integrating 
dynamometer. This insirumont is fairly .suitable for 
use with .some types of iipparatus Imt did not seem 
suitable iV)r our jiiupose, in addition to being un- 
availalile in a reasonable time. The l)ibljography at 
the. end of this report gh'cs references to various 
artiele.s on recording apijaratus. 

Ex I* io rijM kntal unoo isduue 

The deci.sion as to which type of ajpiaratus t.o 
use was difficult. Tt was fmaliy deei<led to u.se two 
tyjtes of ajtparains fur the different ])arts ol’the ex- 
jieiimcnt. tSluirp>'s simple dynamoinetm- (•.av fur t.he 
t.cst.ing of yokes and a tread mill for the tf*sting of 
animals. Thi.s choice was partly ilictated hy the 
fact tliat the dyjiamometer ear eould l)e clu'aply 
and quickly made aAaiilnhle while tlaj lrca.(l mill had 
to 1)0 con.structed and would take iime. The ti'e;i,d 
mill type of appaj'al.us was cho.sen for tin- latter 
study of effect of body conforniation on di'aft, .ability 
because it fueilitatcfl ilic u.-'a* of ceitain auxiliary 
apfiaratus Avhich will he discusse<I in the veport on 
that part of the study and Ijocause it made sta,ndar- 
dization of conditions easy. 

Tlio lack of any satisfactory recording type of 
apparatus made, it neees.sary to choo.se an indreating 
method of measuring the.draft. Not even an indicat- 
ing dynamometer scale was available, so a large 
Salter’s spring balance wa.s ada])tpd to the purpo.se by 
adding a second pointer which would record the 
maximum pull exerted in JUiy one test. While this 
has worked reasonably well, it is hoped that a record- 
ing unit will be available in the second part of the 
study. 

The choice of just what to measure was even more 
difficult than how to measure it. It was recognised 
that animals do not, Avhen doing ordinary work, 
continuouely exert the maximum 2 )owcr of which they 


are cai)al)le. A commonly accepted standard for 
loading horses i.s that the oj-dinary draft, .should not 
exceed one-tenth of Ihe 11 V(' wc.iglit. The Physiolo- 
gical Chemist in the Hcientific Jhqjorts of the. Imperial 
Institute of Agricultural lfos('arch, Pusa,, 1 , 
in re.])orting .some tests eanh'd out at Pusa, .s.-iass, 
‘In those tests the draft ha,s la'cn one-fifth to oiic- 
sixth (of the body weight) and A'cf flio atumals did 
not show a.ny .suffering.’ 

What we wanted fo know was tiui maximum load 
Avhich a given auima.l could ]>ull in ordinary kijuls of 
Avork for ordinary Avork ])eriods, (hiy aft.er day. 
Theoretically, this meant a load Avhi<-h \A’'Ould j'osidt 
in a, state of fatigue at tlu' end of the AVork ])erio(l, 
beyond Avhich if. Avould he unde.sirable or dangerous to 
go. We found no method of testing the state of 
fatigue and no .sf.andard maximum .state of fatigue 
A\diie.h an animal could licar. It js ktiOAvn of course 
th;it if an animal or a ma.n Avorks beyond his normal 
capacity, he lo.s(';' condition, ))cco)iie.s leaner ;uid 
0V(uitua.ll,v may develop oflu'r .symptoms, or (“ven 
eolli3.]).s(‘ entirely, if ihe overloading is earried to 
great exf.Tcmies, Hm-h rffeois ordina.rily only show 
up iiftfi' long periods, f.oo long al lea..st foi’ us fo usit 
them for purposes ofihis researeh. Various methods, 
sueh as Idood .amdy.ses, wcie, suggestts! as ' possibly ’ 
offeritig a. nieajis of determining I'a.tigne. 'Jdnaa' did 
not .seem !',ui1.a.bl(‘ l»(ieaii.s<‘ I Inu'e wa.s no slaudardizod 
])roeedure or iiny eoi'i'elai ioji known between the 
rtradts of t.he .analysis and tin* th'fq'ee. of fatigiux 
To ha,ve t.ried t,<) work oist sneli st.andards would 
luive ta,ken mon' t.inu* lhan was ava.ihi.ble. ('oHins 
and Caine .say ’ If. is prael ie.ally impossible at present 
1,0 d<‘t, ermine the state of fal.Iguo ol' an a.uimal. E.x- 
]iei‘iene('d horsmueii inavol»;it*r\e tln' general e.uiiditioii 
ol‘ an individual but tlieA •■annot, d-dennine tin* 
actual ijliy.sieal conditiua and know exactly if the 
liorse i.s a.j>proae.l)iiig a state of faiigue. In tAAm 
years of experiment,al weak whe.re horse, s AAmre juilling 
loads eiiiiiva,lent t.o a horse poAvei* or more for lUght 
hours per day, da.y a.rter day, they showed no out- 
Avard signs of a fat.igued ('ondition ; . . . . Sinei* 
AV(‘ found no ent! ]joint. Avbieh could be detiuitely 
d(*termiucd, in to.sts u.sing ]o.sd,s eom])arabl(‘ to 
ordimiry working loads, it Avas necessary to ebouse 
soinetliing for our te.sts which eould be defmitidy 
determined. We realized that, we do not yet knoAV 
exactly tile, relal.ion between Ihe maximum load a.n 
anima.l or ]ia.ir of animals ea.n pull and the load t.liev 
sliuuhl lie expeeted to pull (la.y after day. Horse 
{utlling contests and othei' t.cst.ing in Amerii'a lias 
shown howe.ver iluii, in genei'al, pulling eonti'sks 
are gmierally won- that, is maximum pulls are. 
made — liy aniimds wlticli are known to be g’ood 
workers. We t}i(‘rcfore tVid justilied iii a,ssHming 
that in bullocks also, ilierc is a, I'c.lation between 
maximum load pulhal and draft, ubilit.y a,s genc.rally 
ap]»Ued under ordinary working; eoiulif ions, 
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The a])plical)ility of the niaxinuim pull to te-stiug of 
yokes seems evou uioro delinitc.. Presumably, ability 
to pull a given load will be limited by one of two 
fhiugs, the strength of the muscles or the unit 
pressure under the yoke on the neck. The unit 
})ressure under the yoke as the result of a given draft 
load will depend on the shape of the yoke and of the 
aniiiiars neck— on the lit of the yoke to the neck, 
Tesi.s of yoke to dete.rmiue whether a ' difference 
in th(; area of contact enables a bullock to pull more 
or not secJiis to be one valid test of yokes, [f it can 
bo determined that changes in the yoke do not 
result in increased load pulled, it seems valid to 
assume that the load pulled is limited by the muscular 
power which can be applied by the animal. Since 
we were not able to find any alternative test which 
seemed to offer any advantage and since the results 
to be secured Ijy tests of }naxiinum pulling ability 
seemed theoretically valid, w-e feel justified in using 
tests of maximum load pulled in both parts of the 
scheme. 

It is desirable, however, that tests he carried out to 
determine the fraction of the maxiimiin pull which can 
bo consistently pulled by wmi’king animals. While 
as stated*'* above, one tenth of the live weight is 
generally accepted as a suitable standard for horses, 
there is little or no experimental evidence to sup- 
port it, and the information we have seems to throw 
doubt on it as a standard for bullocks. Desirable as 
it may be to have the information, it is outside the 
scope of this research problem. 

AvS a preliminary step in the procedure, requests 
were sent to the Director of Agriculture of each of the 
provinces and of the larger Indian States known 
to have organized Departments of Agriculture, asking 
for (dimensioned sketches of the typical yokes in use 
in their respective areas. These requests brought 
replies with drawings. These drawings were studied 
to determine what variation there was among them, 
and 15 types were selected as representing all the 
differences likely to in any way affect the usefulness 
of the j’^oke. Others appeared to l)e different only 
in ornamentation or other similar unimportant 
details. To these we added the ‘ hTagpuri ’ yoke in 
use at the Institute and one made to dimonsioiis 
from the Ahnora hill district, making a total of 15 
yokes selected for later testing. Two other yokes 
were made and tested to check certain j>oints, 
making a total of 17 yokes actually tested. A 
yoke was made to the design of Krislmarnurty of 
"Madras Veterinary College. This is primarily a cart 
yoke and it was found impracticable to test it with 
the apparatus we were using. As it did not seem to 
have any advantage likely to j ustify further attempts 
to test it, it was excluded from the tests. Bketches 
of these yokes are shown in Fig. 1 and Fig. 2. 

• * Bulletin No. 240, Iowa State College of Agi-iculture and 
Mechanical Arts, p. 219. 


ExrKRTMExXTAL O.VTA-AND RESULTS 

For the testing or the yoke.s, five j)airs of bullocks 
were selected from the worlc enimals regularly iu 
use ou the Institute Farm . A pi ougiiman aeciisttuned 
to handliug the bullocks was also selected from the 
farm workmen and all tests wert; driven by tlu', one 
man. Whenever he was off duty for a ay reason, 
testing was suspeuded and the stal'f was oeciijjied 
in other duties connected witli thtr rc-seareh. All 
tests reported wore done with the origiiml five pairs 
of bullocks, Ou the few occasions when any one 
animal was indisposed for any reason, it was always 
possible to carry ou with another pair. No major 
illness or injury to any of the test bullocks occurred 
during the ]3eriod of tlie tests. 

The tests were carried out by Mr P. Iv. Bhargava 
and Mr B. K. Mukerjee. Generally lioth were ou 
duty when tests were under way, and I'cadingi-j were 
confirmed by both. On a. few occasions, wlmm it 
was necessary for one of them to be absent, the other 
carried on the testing alone. Thesis occasions were 
few. 

Testing was started with yokes Nos, I, 2, 3 and -I, 
which were first ready. The procedure was to first 
accustom the animals to the ap])aratus and to the 
new yoke when a new yoke was taken in hand. Then 
25 pulls with each pair on a yoke was made before 
the next was taken in hand. When the full nmnbor of 
tests on one group of yokes was completed with one- 
pair of bullocks, the other pairs were used in turn till 
the whole grou]3 of yokes hatl been tested liy all 
five pairs. In the meantime, another group of yokes, 
Nos. 5, 6, 7 and 8 were made ready and tests carried 
out. In this way the first 15 yokes wore tested u 
total of 1,875 observations. 

During these tests, certain diificulties were met. 
The bullocks were totally imaccustomed to the j)urti- 
cular type of work and to the slight noise the machine 
made. They were only accustomed to the ordinary 
field work of the farm and to the ordinar}' methods 
of driving, and it was found difficult to control them 
in any uniform manner. Sometimes they tmided 
to move quite fast and at other times they required 
considerable urging. It. was difficult to ap])]y a 
uniform degree of urging so that they ]jut out the 
same degree of effort every time. They tended to 
learn that they could only go so far before the nuiehiiui 
stopped them and to be (piite willing to stop when 
they had reached what they estimated to-be the 
right place. This was partly overcome by driving 
them iu different diret^bious and by tin.'- (‘-hanging 
of the testing from place to place. Some inter- 
ruption was caused by rain on certain da-ys and it 
was necessary to suspend testing ibr soilie da.ys 
towards the end of the rains because the footing was 
unfavourable -when the ground becatm; veny wet aaid 
covered witb slime. 
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As w(' ni'iuvfl tlic- riic] of file fifst series of tests, an 
attempt was imuli' to uuaiyse the results. The 
n^sults were ^^^'erai’■od, jilottial in various ways atid 
sl.udiod statistically. There appeared to bo quite 
significant differences ].)etw(‘-en the pairs of bullocks, 
but the differences Ijetwecn the yokes were not statisti- 
cally significant. Study of the data seemed to indi- 
cate that it did not jirove the lack of difference be- 
tween yokes, but rather tliat our testing had not 
licen under siifHciently controlled conditions, parti- 
cularly with regard to the handling of the bullocks. 
The data showed too great clifferoncc between the 
high a,nd low readings, indicating that in some cases 
the hnllocks had exerted abnormal effort and that 
in others they had shirked. Results of every test 
had been recorded in an attempt to avoid anything 
which might resemble ‘ doctoring the datta. The 
effect was somewhat that of including in a series of 
analyses for nitrogen, samples into whicli had flies 
in the coursi'. of the digestion. 

Whether to include any given test or not presented 
a real difficulty. Obviously, when tlnj bullocks ran 
and came up at the end of the test with a jerk, the 
maximum pull would hc; almorinal and it was easy 
to discard such test. Tests when the bullocks shirked 
were more difficult. Determining the standard of 
urging to be uscid was not ca.sy. It might vary all 


the way" from whispered comma, uds r,o seve.j-ci bciit ing. 
This seemed to he the biggCvSt va,ria.i)lc a,nd the must 
diflficult to control. It S('emed (h‘!i nite that we should 
not determine which da,ta, to recoi'd by tin', magnitiuh', 
of the reading. It was <lecid(;d tJi ere fore, a,rtei‘ 
consulting with Dr iSukhatmo, Statistician of the. 
Imperial Coimcil of Agrienltural Resea.reh, t{) again 
rim through the tests, using a fewer niiinixu- of trials 
of each yoke a, ml attempting to (‘ontrol the- eumlitions 
more carefully'’. We deciihsl to try to d(!tormiue 
which ti'ials to discard befon' reading the dyna, mu- 
meter scale by carefully wn, telling the animals during 
the test. 

We therefore randomized the order in which tlic 
yokes were to ho tesi('d and ran the whole 15 again, 
making only five tests on each yoke and using one 
pair of bullocks. When this series of t(ists wuts 
compJ(‘ted and the results were studied, it appeared 
that i,h(‘.y were more consist, ent- than the tirst, 
series, Tu make sure, we. again i'a,n a similar series 
of tests, with a lU'w raudoinizat,ion order, ma,king 
five tests eaidi. Three smdi renlieatioiis w('re made 
to see if we e,ould duplhaite the results. Tin' results 
of the re,])liea,tions were (‘onsisteni, showing only the 
variation which would 1)0 rea„-!on:! I)le when working 
with animals. The re.sults of the l.hnni n'plieations of 
five tests with (jaeh pair oi‘ ])ullocks were tjombimid, 


Table I 

Avvnufd 'pull of hulhek with douhle yokes 


Pull in pounds for each 
(Aveiuge of 15 obsoi' 


yoke 

’ation.s) 


■ I’esun No.' 

in il). 

1 


3 

4 

- 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Aver- - 
age 

a4&;35 . . 

1,.>1") 

812 

847 

885 

815 

622 

841 

775 

775 

.810 

808 

804 

799 

788 

739 

791 

823 

745 

793 

d.5 &324, : . : , 

1,705 

019 

899 

800 

945 

688 

009 

892 

911 

884 

931 

931 

882 

879 

S9S 

913 

856 

814 

S85 

•,]'2 & ;i(i 

1 .455 

872 

992 

908 

920 

737 

926 

857 

924 

882 

870 

898 

889 

877 

89.3 

901 

847 

805 

877 

:5 .S; l . 

l.<)25 

928 

053 

919 

885 

824 

800 

836 

894 

875 

.857 

873 

837 

880 

910 

881 

859 

800 

866 

i:i&i4 

1,425 

833 

752 

791 

775 

735 

7t)7 

768 

767 

760 

716 

845 

769 

771 

806 

773 

779 

737 

775 

,\vem-e pull per 

V yoke . 


872 

SOI 

879 

868. 

721 

854 

826 

853 

842 

836 

870 

.S35 

839 

8-10 

852 

852 

782 
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’’^^’ aud an. average taken for (iach pair witli eacli yoke different groups, tlie differeuoe as shown by thevse 
was ea,lculato,d. Talile [ gives these averages of tests is not large. The second group gave pulls 
15 tests v.dth ca,f.h yoke and each pair, averaging about 98 per cent as great as the average 

While the yokes are classifiable into definitely pull of the first group or 97 per cent of the pull given 


Statistical analysis op the above results 
Table II 

^ ^ Analysis of variance for the double yokes 


Due to 

D.f. 

S.S. 

M.S. 

E by 

calculation 

F from table 

Level 

of 

signifioance 

.Bullock, s 

4 

2,(574,114-2 

668,528-5 

41-31 

''5% 

2-52 

1% ’ 
3-63 ! 

1% 

Yoke.s . 

1(5 

1,(569,99(5-2 

106,249-8 

(5-59 

1-81 

2-32 1 

1% 

Intci'aotion 

(54 

1,030,531-2 

16,102-1 

12-31 

1-26 

1-38 

1% 

lie,'!! due 

1190 

1,546,247-2 

1,299-4 

! 




Totals 

1274 

(5,950,888-8 







Grouping of yokes 

I in V VII viii 

3,1,11,4, (5,8,13,2,14, 9, 13, 10, 12, 16, 7, 17, 5 


II IV VI 

^ by the best yoke, No. 3. The other groups gave 
pulls 96 per cent, 95 per cent, 89 per cent and 82-5 
per cent avS large as the average of the best group. 
These relations should be understood to hold only for 
the conditions under which the tests were made. 
It is probable that some yokes, ])articularly No. 16, 
would show up worse under actual working condi- 
tions of long continued work than it did under the 
short time tests actually made. 

Table til gives comparative measurements of 
the different yokes, and Figures 1 and 2 show the 
difference in designs of the yokes. Table III also 
indicates the area from which each yoke design came. 
^ No. 1 is the ordinary ‘ Nagpur ’ yoke in use at the 
.1 institute for several years and originally modified 
from a yoke brought to the Institute from Nagpur, 
0. P. Nos. 13 and 14 are modifications of the same 
yoke in an attempt to get smaller and larger areas of 
contact between nock and yoke. No. 5 was made 
to the design of Mushtaq Ahmed as an ‘ improved’ 
yoke. No. 17 was modification of the ‘ improved ’ 
yoke to Madras design. 


These measurements do not give any very clear 
clue to why one yoke is better or worse than another. 
The two worst yokes according to these tests showed 
the largest and the smallest areas in contact with the 
neck. The measurement of the area in contact with 
the neck was perhaps the least satisfactory measure- 
ment made. Various methods were tried and none 
was found very satisfactory. The method finally 
adopted was to smear the yoke vvith lamp black 
mixed with oil ; then the yoke was carefully placed 
on the neck and pressed firmly down and back, to get 
an impression. The yoke was tlnm removed and 
placed on the ground, and a soft copper wire was 
bent to fit the shape of the impression. The wire 
shape was then carefully transferred to a sheet of 
graph paper and the area carefully determined by 
counting the squares. The areas so determined are 
only approximate. There is some reason to believe 
that the area recorded for No. 5 is high, but this did 
not invalidate the results as will l>e shown later. The 
weight of the yoke also does not appear to be a factor, 
at least within the limits of the weights of the yokes 



memoas oj x omng uuiiocks 


m 


tested. T]ie. best group included tlie heaviest and 
some of the lighter yokes while the lightest yoke is 
near the bottoiu of the list. If anything, the evidence 



NO. 4 


would be in favour of a hciivy yoke. No ofcfier factor 
stands out a.s deiinitoly explaining tin.; superiority 
of one yoke over another. 



No,8 


Fie. 1. Sk 0 tolh.es of yokes 
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No. 13 


Fir. 2. Sketches of yokes 

Ti'Ists ov single bullock hitchEiS as a ' birli ’ isinrioiumoti qsr in tilio, area of Ali!i]ia]»iul 

for bitching a single bullock in front of a cart when 
Afl.cr cotnuh'ting the tests of yokes for pairs, it three animals are requii'(‘.(l, or for (Irawing a hand 

scenu-d d(‘sii’abl('. lo investigate the usefulness of cart when only oin^ animid is usc-d. The imported 

singU' animsd hitches. In the replies from the. collar was found to be too big for use. on the animals 

Directors of Agriculture, (twalior and Bombay had available for tests and so was diseardial. In studying 

(h'seribts! essmdiully the sam.e single bullock yoke of the results of the B'sts for yokes for pairs, it appeared 

wood, (.'harlf'v’s leather harness had come to atten- that probably the, poor n'.sults from the ti^sts of yoke 

lion otherwise. In antic.ipiition of these tests, an No. 5 was due to tlie fae.t that it lived the di.stanee 

American liorse collar had bc'cn imported and a between the bullocks (piite rigidly, rdlowing them 

similar collar had been uuide locally. A hitch known very little freedom of irulividual movement and tliat 
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Metlwds of Yoking nuuociGis 

Table III 


Details of ijokes eompruction 


Yoke 

No. 

Province i 

where yoke o 
is used 

Yeight A 
if yoke 
in lb. 

.vevage 
Trail 
in lb. 

Wood 

Tised in c 
making 1 
yoke 

Length c 
)f yoke in 
't. and in. 1 

Width 
)f yoke at ( 
neck 

jOBition — 1 
in. 

Length ^ 

)f yoke ill, < 
neck 
lositian — 
in. 

riucUiu'.sB 
)f yoke ill, 
■neck 

position — 1 

Depth of 
curve of 
yoke at 
neck posi- 
bion — in. 

A verage 
arc'ii of 
contael, 
between 
\ ol>.(‘ and 

(10 

bnlloeks). 

No. 1 

U. T>. 

26 

witb 

pipe 

872 : 

Balral 

4-5 

. 7 ' 

10 

1| 

=nil 

52-138 

No. 2 

Ahsum 

27 

851 

Baklin . 

4-6‘ 

7 

12 

31 

v,=r'„ , , 

, 12-965 

No. 3 

0.1’.. 

24 

8.80 

Bakhn . 

4-6 

4] 

11 

3 

v= 2 "'; ■" 

12-58 

No,. 4 

Punjab,' • . 

30 

860 

Siikbu . 

5-0 


11 

3 

V^vil 

10- 155 

; No. r. 

Punjab . 1 

30 1 

721 

Babul • . 

4-8 



3 

\\.-=^>r!l 

60-112 

. No. 6 

Punjab 

26 

862 

Balral . 

4-7 

H 

13 


11^. nil 

1 } 1-166 

^ 

No. 7 

Kaahmere . 

16 

820 

Sakhu • 

4-0 

41 

12 

21 

11 -a// 

Vr..nU .. 

.L-.>,i4 

. No. 8 

(.!. P. East 
Cii'cie 

^ 2.5 

853 

Babul . 

4-61 

4 

13 

13 

1-1=:.//// 

V.= ci/ 

1 :,lS-.59, 

No. 9 

Punjab 

22 

■ 842 

Sal 

4-9 

(i 


21 

11=--.///:/ 

V =--;//•/ 

39-215 

No. H 

} Bihar 

28 

, ,836 

1 Sal 

6-3 

Of 

17 

3 

H = ///7 

V ==•//// 

.16-88.5 

No. 1 

1 :c.p. • 

35 

871 

) Sal 

4-4 

71 

14.1 

3 

lU- M/S' 

' T.6-li25 

No. 1 

2 Punjab 

(Nnintry tyi) 

20 

,83^ 

1 Sal . 

4-9| 

01 

9 

3 

11 ==//,. 7 
V-u// 

.01-261 

No. 1 

,9 ' IT. p. : 

18 

wit.h 

pipe 

831 

0 Babul 

4-3 

41 

12 


11--.-= I-;,'" 

40-0! 
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Tabm lll—cmid. 


Detaik of yohe^ Gonstmclimi--~c.cmUi. 



“ ■ , . 






- ■ 




— ~ 

Yoke 
• No. 

Pi-ovince 
V’liere yoke 
is vised 

Weight 
of yoke 
in 'll). 

A veiuge 
puli 
in li). 

m 

Wood 
vised ill 
making 
yoke 

Lcngtli 
of yoke in 
ft. and ill. 

Width 
of yoke at 
neck 

po.sition — 
in. 

l.engtli 
of yoke iit 
neck 

position — 
in. 

d'liiekne.s.s 
of yoke al 
neeJe 

po.sition — 
in. 

1 epth of 
eui-ve of 
yoke at 
neck posi- 
tion — in, 

' 

Avevace 
area of ; 
contaet 
between 
yoke urui 

iieek sfj. 

ill, 

{10 

iadlocks). 

No. l-t 

U. P. 

S2 . 
with 
pipe 

, % 
840 

Saklui . 

4-0 

9 

12 

3 

H = l" 

V==2r : ' 

oO-st; 

No. to 

1.!. P. HilLs 

20 

852 

Salih u . 

5-0 

o 

11 


jr=/o7 

4r)-s7 

No. :i« 

koeal 

.20 

8:]2 

Sakhn . 

4-9 

S 

10 

.Hcnimi 

nil 


No. 17 

.\ladra.s Im- j 
jirovcfi ('ail i 
yoke 1 

1 

:5d 

782 

Sakhii , 

3-l()| 

4 

.7 

Hound 

.1 

t il , 1 

28-246 , , 


tlio design of tlio part ii) Voiitact with the neck Avaa Ahiiiiul's im[)roved yoke indicate, s tlie undesirahilitv 
not in itself ])ad. In onler to inv(‘stif^ate this and to of too rigidly restraining the bullocks against aide- 
'givo an additional singl<‘ animal hitch, one end of wise inovciinuit. While the ordinary yoke gives 
the No. ' 5 yoke was diseonneetc'd and modified more IViaahan than does the M'lishtaq Ahmad yoke, 
slightly to enable it to be used as a single hitch, it gives less than would lie possible, with a harness ami 
This gav(' a total of 5 hitches, suitable for single double tree bitch. This needs further investigation, 
bullocks, to be tested. If i/bth of the body weight or l/dfh of the um-kimum 

Essentially the same ])rocedure. was used with the jiull, two figures which seem to l>e rcpighly equal in 
single hitches as with llu* paii- yokes. The same cart the data from these tests, should ])rove to he reason- 
w'u.s modified hy litting shafts instea.(l of a single beam, able loading, the draft ability of the bullocks tested 
Five single bullocks were chosen, from among the woidd come approximately within the range of loads 
5 pairs used for the [)rt‘vious tests, and trained to commonly required or imposed 1>y ordinary small 
work single. R.('.plieat(al series of .5 tests were implements, iOO to 120 Ih. pull. The praelicahilitv 
made with ea.cli iudlock cif tlie live on each of the and desirahility of ii.sing single animals of a sliglp,- 
hitches. Table IV gives the rc'sidts of the tests ly larg(‘r size instead of a pair of v('ry small animals 
of the single hit(‘hes and the a,nalysis of the data. on th(f smaller farms needs to be investigated 

'ITie above data i.s interesting not only because it further, 
gives an idea of tlie relative valne.s of the different The reason, or a,t least one reason, why the Pouna- 
hitches but because of the indication it gives of the Gwalior yoke i)erformed poorly on singlt' animals 
relati^'e eOicicucics of working of single bullocks and seemed to i)e at lea.st ]);ii'tly beca.use of the poor jit 
of the same animals hitched in jiairs by the use of a on the ne(d\ of the Imllocks u.scd and because it bore 
common yoke. op the point of tin* shoulder joints, it apfjears to 

The stiidy of tin* pull possible with single hitches haVe been de.sigru'.d for animals liaving a. much thicker 
has two ])Ossil)lc utilities. The pos.sible desirability neck than the test animals had. Ihilloeks (liJfm- from 
of using single animids instead <d’ pairs in some eir- horses in having a very thin covering of muscle and 
eutnstances and the (piest.ion of whether some form flesh over the shouhler j(unt and ])ressnre on the 

of harness hitch with an ecjualizing bar behind — a joint .seems to Ix' nmamd'ortable r(j the bullock, 

sO'<-aUed double tree- might, give more effective while it is (urcisely here that the hor.se doe.s its pulling, 

pulling power I'or pairs. Tin- results with M’ushtaq Fart of the .siiiwriority of the half of the Fnujab yoke 
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Altuo^i to'twfa/;* 

ami waa naiiow at. iht to| . Except, for tlie restraint of side movenient, no 

f'oNOLUSiON'S . very clearly cleaned reason for the superiority oi one 

1 . Yokes of blie gfiueral typo ropresented l,f types yoke over ittother has appeared f™'" 

I :i 1 11 ate delmitclv better than some others, -t. The training and contiol ol tin. Iiulloeks vt.iv 
especiaily types 12, 18, 7, 17, 5. greatly affect the results. 

Table I? 

Pata of tests of single buUoolcs hitches 


Bullocka 


Fidl in pounds witii each yoke 
• (Average of 30 observations) 



Average 

for 

'iVam Xo. 

Weight 

in 

pounds 

Birli 

American 

inotlitied 

Finijab 

■ 

Madras 

harness 

Owidior 

yoke 

i)u] locks 

34 

7ff0 

Oil 

5S9 

579 

485 

456 

544 

35 

820 

404 

438 

467 

418 

445 

446 

■ 15 : 

010 

051 

031 

609 

510 

523 

585 

24 

82G 

017 

!■ 570 

570 

519 

401 

553 

14 

780 

018 

.591 

618 

574 

529 

586 

Avemge for 

yokes 


592 

504 

569 

501 

489 



PIlELT]\riNATlY STUDIES ON CAIXTITM AND PHOSPHORUS IN MILK 
FEEDS OF SAHTWAL COWS 
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By FI. V. Desat and M. L. Mathuh, Imperial Agrioultural Kesearcli Institute, .Mew Delhi 
(Received for pablication on 2 September 1944) 

(With 12-text'flgui'e.'i) : 

time a .'^low ahniikage in milk (low results, luit. tlnu’e 
was no phy.siological disturbance. In tlu3ir later 
observations [1920], they reported a serious effect 
on reproduction. Even though Forbes el uL [191()-18] 
ill their experiments provided for an ample intake 


Hart <4 a/. *[1908] observed that when calcium 
and phosphorus were deficient in quantity in food, 
the skeletal tissues appeared to he the ready source 
of siqiply for milk secreted and there wa.s consider- 
able outjnit of those elements from the gut. If 
c«adition,s of negative l.ialauces continued for a long 


of calcium and phosphoru.s in ricli diet containing 
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^ alfalfa liay and salts, larger amounts were eliminated 
than were ingested. Meigs^ Blatliorwick, and Gary 
[1.919] found that dry pregnant e,ows were not assi- 
milating calcium from calcium-rich rations, luit 
were actually transferring (3alcium salts from their 
skeleton for building the foetal skeleton. Hart, 
.Steenbock and Iloppt.u’t [1921] observed that in 
dry and milking goats cjvlcinm assimilation muis, 
greater wdioii g.reen instead of dry oats w^ere fed. 
j Cod liver oil (5-10 c.c. ]3er day) consistently changed 
a negative to a positive balance. Hart et al. [1922] 
found that high-yielding cows were maintained in 
positive calcium and phosphorus balance on dry 
alfalfa hay, corn silage and grain mixture. Their 
subsequent findings [1922], in which timothy hay 
was used, are not in harmony with the observations 
quoted above. .Bone-meal supplement did not 
bring about positive balance. Forbes et al. [1922] 
found that the calcium of the bones was more readily 
available for pur])oscs of milk elaboration than the 
calcium of the rations and the mineral supplement. 
They came to the conclusion that calcium raeta- 
fjolism was (.•haraetcrized by its rapid loss from the 
body during early j)eriod of lactation and its reten- 
tion during the dry period with most rapid storage 
at the end of ihe. ]3criod of gestation. At the time 
of high milk production, if the .food was sufficient 
to maintain the life of the cow, she would produce 
milk, even though this involved an extensive drain 
upon the tissues of her body. Hart et al. [1922-23] 
took up the work again and found phospliorus equi- 
librium was maintaiued without, and calcium 
equilibrium with, |>one-meal and green grass supple- 
ment. 

The cows of the Sahiwal herd at our dairy farm 
were reported to be licking earth Avliile grazing. A.s 
•J:he cows were fed witli, protein-rich concentrates, 
^ green fodder and mineral mixture as ‘ Ohnrn Flour ’ 
this habit of theirs could not be explained. The 
earth was analysed, but nothing particular was 
discovered, w'hich could account for this peculiar 
habit and it was suspected that probably more 
calciinn and phosphorus W'ere excreted by our cow's 
than they ^verc ingesting from the feeds. The 
present investigation was undertaken to ascertain 
if there was variation in the percentage ratio and 
total out})ut' of calciiiin and phosphorus in. relation 
1.0 the yield of 3uilk. age and stage of lactation in the 
case of the Sahiwal breed of cows and if so to what 
extent, Th(3 above factors in relation to dry and 
\ green fodder were also examined. 

Experimental 

Preliminary exi>erjments were carried out to study 
the suitability of methods of anal3>'sis and to ascer- 
tain (i) whetlier tlicre was any variation in the per- 
centage. of calcium and phosphorus in the different 


milkings of the day and w.bother these differed 
from that found in a com})osite sample of tb,e day’s 
milk, (ii) wdictlnu’ the total amount of oalciinn and 
phosphorus in all four milkings differed from that 
calculated from the com])osito samp](‘., (iii) wliet.lu'r 
the ratio GaC) : PaOj w'as constant, and (iv) whether 
there was any change in the percenta.ge of calcium 
and phosphorus in the day-to-day milk. 

For this purjjose, three high and three low milk- 
ing Gow^s, first calver, second calver and adult, all 
in the same stages of lactation (8fch week), iverc 
selected.; l^amples of milk wer(3 taken from all 
the four milkings and composite. sam])Ics of the milk 
was prepared by taking 5 c.c. ])or ll). 

The inilk was a.shed by Ncumaim’s method [1902- 
03] which wa.s found quite satisiactory. Ten c.e. 
milk w'as taken out with a. pi])ette in a 100 c.e. 
KJeldahl tlask. A separfi.t.e aliquot of Ifi e.c. wms 
weighed in a tared weighing bottle. For calcula- 
tion, the a^'erage weight of 10 c.c. of milk was ii.sed, 
as the differdice. iii day-to-day weight was not very 
much. But I)efore. calving 10 c.c. of milk wa.s 
weighed sc pa rut(‘.]y each day. The milk w'as ashed 
wdth 5 c.c. concentrated sulphuric acid and nitric 
acid and the .solution made up to 100 e.e. 

Twenty-tive c.c. aliquot was taken and, calcium e.sti" 
mated by Kraut’s method [185(>]. Ten c.c. aliquot 
was taken and pliospliorus e.etimated by Pemberton’s 
method [1882]. 

These ])re]imiiniiy ('.xperiments reveahid that (1) 
the percent:ig<‘ of these elements in samples of the 
different milkings of the day did not vary much" 
among themselves or from the com]>osite sam})le 
of the day, (2) the percentage of the.se elements in 
day-to-day samples of the milk did not dilTtw much 
and (3) t.lu' ratio of GaO : P2O5 also did not .show 
much variation. 

For cojiipreheusivo studies, 12 high-milkuig 
and 12 low-milking cows of diiTe.rent ages and 
in the various stages of laciatioii were spleeted. 
The lactation of some of these cows commenced 
before they calved. kSanqjlos of milk were taken 
once a day at 9 a.m. milking and analysed. The 
concentrates a,= ’well as green and. fresh fuflders were 
also analy.scd for calcium and phosphorus, tlie latter 
at an interval of ten days. 

One pound of mustard (‘ake per eow was also 
given trom I to 10 August and half a pound 
of boiled lin.s(',ed per coav was given to those whicli 
were in the first 100 days of lactation, 

In addition to these (ioncentrates, the, cows W(‘rc 
taking 20 ih. of grceji fodder (cow]3eas and jowar 
mixture), tlu'oe pomuls of ho'seein bay and three 
pounds of hhma. While, grazing, they (.'ould take 
about 20 pounds of gras, s. 

The grains, oilcakes, berseom bay and blmsa- w-ere 
analysed for ealcium and pliospborus. The results 
are given in Table IV. 
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The calcium amt plioKplionia contents of the cowpeas find jowar mixed Jddder and ^o'ass determined 
at (liircront periods were found to be as shown in Table V. 

. , , , ■ ■ Tai } l.e . 1 . 


JWimen and spmi it'idars of mwi^ under cxprrimoif 


.1st Calvor 

iml (■alvei’ 

Adulti 

t’l'i'iod of Ineliitiuii 

Hiijh milker-'^ 




Felbir . . . . 

Nashurki . . 

Narajkhati . 

Enarji . . . 

Narbila . , , 

From preoalviim; omvanlfi 


Sakila .... 

Kaj Khali . . . 

Lakliolmi 

>.Fir.st 1.00 (Iny.s 

Taalikam 

Lanchasaii . . 



Laklu’ooelii . 

Rajsam , . . 

Second 1,(.)(3 days 

Loio milkers 




Tarooebi. . . 

Folgai . . . . 

Sarajau 

Laklirajuii . 

Bajudluiia . 


'|•8Vooud loo days 

Tambutia ... 

.Etajrama . 

T 

Lereng . . 


j (.Ihoreng 


bakhvanii/ ... 


j Raj Lari . 

Haj Sui'i 

>Tluj'd lOO flays 


Taum-: II 


Names of emvs 

duly 

MO 

August 

11-20 

August 

High iiiilkers 




Felbir . 

7 

!) 

11 

Namjklniti. 

i) 

7 

13 

Nashui'ki 

1 ,7 

1.7 

la I 

Tashkani 

l() 

1(5 

1.5 

Fmarji . . . 

17 

17 

17 

Sfikiki. . 

15 

Jo 

15 

Lov' milkerx 




Rajsuri . 


' ■ (5 ■ 

d 

Rajraiua 

’■"9 ; 

H 

7, 

Choreng ■ . 

..•■'.7 

7 

(■; '■ 

Rajuclhiiia 

3 

3 

2-. 

■Uajlari . 

3 

3 

3 


Names <0 

/>'!){' inlli'-’-rs - (■(•tik 
Sara jail 
lauichasari 

Niirliiila 
l>ujklia.f.i . 

Laklinluii . 

Ita j.sa itj 
laiklvrajan 
'ratnbutia 
bereu/v 
bakraitii . 

Tarooolii . 

Idilwai 


u’U ;! 1 
.Jitlv 


j 1.10 

I Aiiu'ii.'.t 


I l -x’o 

Aiii'iisl 


!) 


It 

i:i 

1(5 

1(5 
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Tlie <;oinpo&it;ion of the coiKicJitmte rations was as given, in Table III. 

* Table III 

Composition of the conce^itrate rations 


20 July to 4 Avif'iiKt, 

^ 0(i<.s , . . . . .‘{o per iHUifc 

('Vn//o' fnuxtu.re of pulfies) . '}() „ ,, 

Wheat l.ran . . . la „ „ j 

Cotton seed meal . .20 ,, „ 

5 to 20 August 

2! to 22 .\ugupt 

(Jilts . . , .4a 

(mixture of pulses) 3» „ ,, 

AV'lnuit brail . . >. .15 „ ,, 

liiusecd cake . . .o',. 

• . . . ‘M per cent 

C'/iMHi (mi.xtiiro of pulecs) 25 „ „ 

Wheat briiu . . .15 „ 

Cfroiindnut cfike . . !,■) 

Linseed cake . , . 5 ., ,, 

Cotton seed meal . .5 

TOO 

100 

loo 


Tabl.e IV 

Cajruim awl phosphorus eontenf of the (jrains, oil cakes, herseeni Juv/, and blmsa 


* 

■ Cat) 
per cent 

lier cent 

' ■ 

t,.!aO 
per cent 

per ta-id 

Oats ...... 

O-lOti 

0284 

V\4ieat bran , . . . 

0-21:5 

2-112 

(.Irani . . . . , 

0-278 

0-042 

Lin.seed cake ..... 

0-000 

0-714 

Cowpeas . . . . 

0-112 

0-7r4 

.Milstaid cake . . . , 

1-1. ".7 


Arfiar 

0-124 

o-asi 

Groundnut cake . . 

0-124 ■ 

2-440 

(,'nay 

0-280 

O-02O 

I.inseeti . 

0-;,527 

0-7!.!.') 

Cotton si'cd iiieal 


] • 1 .'50 

Mersecin hay ..... 

M'J 12 

0-18:5 


, 


/;/m.sv/ ... 

O-0S5 

o-oni 


Table V 


Calrlam a,nd phosphorus conlenls of com pern awljovrnr wired fodder and grass 



1 Cowpeas 

.'uid jomar 

j ' 

--- 


1 mi.ved 

Gi 

'a,s.s 

Period 



1 




Pii.O 

P.,(»- 

Ca< ) 

P.,0- 

f ■ , 

per la-ut 

pereenl 

percent 

per'ce-iih 

20 July to 4 AtiguHt . . _ .i 

0-20 1 

! 0-10!) ! 

O-li).'! 

t)-i8;5 

4 to 14 Amiii.st 






0-27J 

0-1 Ui 

0-200 

0-202 

15 to 22 .Augii.<5t , . . 

0-268 

0-112 

0-11)0 j 

0-lUl 


Vatcmm am tnospmrm m ivnut ana reeas 



2^0 ^ 
1-9 ' 
1-8 
1.7 
1-8 
1*5 
1-4 
1-3 
\^^ 


Fio. 1. Hlbir— First calver and high yielder s milb yield, etc. from premilk onwards 
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Cahimn m'id Pkosf horns in M.ilh and Feexls 


MUH y/£LD 




uULy /August 

Fia, 3, Nasurki — First calver and high yiehler ; milk yield, etc. in the iirst 100 days of laeLiition 


JSMML myoa/% ^ ^ 


Cahium mul Plmfhorm in Milk and Feeds 



Fj«. 4. Tasbkam—Secoud oalvcr aud high yieldor; taUk yield, efce, iu tlw firati 100 days of iacfcafcion 
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Tlie day-to-ilay analytical data of some, ro.prcsmi- 
tative cows, as they arc classified in Table I, ant 
shown in .BTijs. M2. 

Discussion 

Premilkers. In the ca.se of‘Fcll)ir’ (first culver), 
the percentage, of calcium wa.,s low in the ])nmulk 
and it tended to increase up to the time of calving. 
The tendency to increa.se continued for al)out a 
week after calving and then it remained constant. 
On the other hand, the percentage, of pho.sphoru.s 
was very higli in the jjremilk and the, tendency 
was to fall immediately after calving ; the decrease 
continued for about a week or two and then it tended 
to remain stable. The percentage, of calcium in- 
creased from 0-165 to 0-187 in four weeks time 
whereas the percentage of ])hos]>lioru.s fell from 
0-33 to 0-225. Tlie ratio in the promilk was a,s 
high as 1 : 2-0: wlien tlic jiercentage of calcium 
and phos])horus tended to n-nuiiu con.stuut after 


calving, the ratio was 1 : 1-2. Tin- yi('Ul of })remilk 
wa.s from DS to 16 [)ound.s pm- day, 

Tu ca.se of.secuml c.alve.r. ‘Nai'ajkhati’. (.he exami- 
nation of milk was .started from (he \-ery linst day of 
taking out the. piuMiiilk. (n tin- ix'ginniiig tin- 
yield wa..s half a ]n)und only, but later ro,-.ie (o S 
]) 0 uud,s per (la,y before, calving. Tin- pcrc(‘nta,g('. of 
cale.ium vva.s vm-y low in the beginning and tended 
tu inorea,se a.s tlie- time of (-alving approacln-d ; it 
continued to itn-rease gradually for a. wtn-k or two 
and tended to remain (-on.stant. On t.lie olln-r ha, ml 
the percentage of plmsphorns wa,s high in the liegin- 
iiing, iiicrea.sed and Kuic.lied ihe highe.st two (lay.s 
before calving and then deerea.scd. The deoreaKse 
continued for a, bout two weeks and then a tendency 
toward.s .stability aj)]) 0 .ared. Thi; percentage of cal- 
cium increased from O-Ool to 0-1 bf in four wm-ks ; 
wberea.s lln^ perc, outage of jjhosphorus ro.se fi-om 
0-186 to 0-321 be,|V)ve calving, tln-n falling gradually 
reaclu'd 0-225, Tin- ralio of calcium to [)hos|)horus 


T.V15LK VI 


(Jainpurolivi- for oalvitnii and plioxphorm ratio mnongat Jirsi aaloers 


Names of cows 

milk 
yield 
per (lay 
in Ih.' 

CaO per- 
(-eiiia ac- 
in milk 

U.Os per- 
(-cjitfige 
in milk 

llatio 

CaO: 

.Stage of laeiMtioii 

Nafllmrki . . . . . 

25 

0-102 

0-22.S 

I : 1-40 


Ist 100 diiv.i 

Taslikam 

Si 

0-14-}. 

0-189 

1 ; 1-32 



Taroochi , . . . . 

22 

0-174 

0-237 

1 : 1-37 


■ •2nd loo dav.-* 

Folgai . . ... 

22 

0-174 

0-237 

1 : 1-37 



Lcreng . . ... 

M 

0-lGl 

0-234 

1 : 1-45 



Tambuthi . , . . 

12 

0-l()7 

0-216 

1 : 1-28 


•3rd 100 day.s 

Lakram . . . : , . 

.10 

0-170 

0-240 

1 : 1-36 

J 



Table Vll 


Goniparative jiynres for cahiam and phosphorus ruth amongst sewiidmxiloers 



Average 






yield 

CaO per- 

P.,0, per- 

Eatio 


Names of oow.s 

of milk 

centage 

centage 

CaO : 

Stagi- (tf lactation 


per day 

in milk 

in milk 

P..O, 



in 11>. 





Enai-ji . . . . 

38 

0-149 

0-234 

1 : 1-.58 

1 






M.st 100 da,vrt 

Sakila ..... 

2.S 

. 0,-152 

0-198 

1 : 1-28 

J" ■■■■■■ 

Lanehesari ..... 

28 

0-139 

0-234 

1 : 1-4 

'1 


Lakhroochi . . 

2(1 

0-172 

0-231 

1 : 1-34 



Lakhrajan . , . . , 

22 

0-172 

0-228 

1 : 1-31 


^2nd 100 da,vs 

Sai-ajan . . . , . 

14 

0-152 

0-210 

1: i-:is 



Rajdhuiua . . . . ’ . 

9 

0-181 

0-25.5 

1 : 1-4 

J 
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in the premilk w<as as high as 1 : 3*64 and when the 
percentage of calcium and phosphorus appeared to 
remain constant after calving, the ratio was 
1 : M8. 

It was interesting to note that the highest ratio 
of CaO : PaOr, was found on the very first or second 
day of premilk. As ‘Felbir’was already giving 
premilk; the highest ratio was not observed as in 
the case of ‘Narajkhati,’ This explained the dis- 
jsK. similarity in the curves of the graphs of the two 
cows in the first few days. If the ]>art of the curves 
of Narajkhati’s gra,ph for the first few days is not 
considered, the curves in those of the two premilkers 
are similar. The high ratio of the salts in ‘Naraj- 
khati’s ’ milk indicated more secretive power. : 

Two high milkers and five medium and low milkers 
in the first, second and third hundred days of lacta- 
tion were selected. In ‘Tashkara’ with a yield of 
31 })ounds per day the jiercentage of calcium and 
phosphorus was low as compared to the others. In 
th<' individual cows, there was not much variation 
in the percentages of calcium and phosphorus in 
the course of four weeks. In all the first calvers 
the composition of oacli cow’s milk was different 
from that of the other. In the third 100 days of 
lactation, when the yield was low and the cow was 
completing lactation, the milk was generally riolier 
in mineral contents. It was of interest to note 
that in ‘Taroochi’ and ‘Folgai’ with the same 
yield (22 pounds) and in the same stage of lactation, 
the percentage of calcium and the pliosphorns was the 
same. 

Four high milkers and three medium and low 


milkers in the first and second 100 days of lactation 
were available. In all the cows except diseased 
ones, there was not much variation in the percent- 
ages of calcium and phosphorus in the course of 
four weeks. The composition of the milk of the 
different cows varied. In ‘Eajudhina’ the calcium and 
pho.sphorns percentage was rather high for sonu^ 
time when slie was suffering from foot-and-mouth 
disease. It decrcnised as the cow came to normal 
health. In some cases, with the. decrease in yiidd 
in the later part of lactation, the calcium percentage 
increased. 

Four high and four low milker.s in the first, second 
and third 100 days of lactation were selected. ‘Eaj- 
lari’ also was affecttal with foot-and-mouf-h disease 
and this accounted for the high amount of calcium 
and phosphorus in the milk for some time. The 
percentage of calcium ami ]fiiosphoru,s lell later ou 
when tlie cow was normal. 

A com])arison of the data of two cows ‘Ea jsarn’ 
and ‘Lakroochi’ in th(' first KH) days and second 
100 days of lactation (in Table IX) revealed that : 

(1) During the llusli (peak) period when the yic'hl 
reached the maximum, the peiasmtages of calcium 
and pho.sphorns were apj)reciably lowiw than those 
at a later period when the yield fell by 12-lfi pounds ; 

(2) The ratio of calciiini to phos])horus was practi- 
cally the same ; and 

(3) The total amount of calcium and phosphorus 
output in the milk per day also fell with the yield. 
There, were chances of positive balances being main- 
tained and storage if the rations were not much 
rediK’ed. 


Table VIIT 


(Jonipamtive Jitjures for calcium and phos'jihorus ratio amongat adults 


Names of eow-s 

Average 
yield 
of milk 
per day 
in lb. 

CaO per- 
centage 
in milk 

P 2 O 3 per- 
centage 
in milk 

Ratio 
CaO : 
PyOs 

■ 

Stage of lactation 

Narbila ..... 

37 

0*165 

0*201 

1 : 1*21 

1 






>lst 100 days 

R-ajkhati ..... 

37 

0*159 

0*174 

1 : 1*09 

/ 

Jjakholmi . . . . . i 

34 

0*163 

.0*189 

1 : 1*15 

1 






^21101 100 days 

Rajsam 

28 

0*167 

0*213 

1 : 1*27 

J 

Choreng 

16 

0*165 

0*237 

1 : 1*43 

1 

Rajarama- ..... 

Jo 

0*157 

0*228 

1 : 1*45 

>3i*d 100 days 

Rajsuri . , 

12 

0*165 

0*225 

1 ; 1*34 

J 

Rajlari . . , . . 

6 

0*185- 

0*264- 

1 ,* 1*37- 




0*198 

0*273 

1*25 
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Table IX 

Compamlive data of two oows milk m tUffm-mt periods of miUc (jldd 


Namca i if cows 

Time 

Average 
yyild 
( of milk 
per day 
i in lb. 

Average 
CaO ]X'r- 
oontago 
in milk 

Average 
total 
(Ja( ) 
in milk 
(lay 
in gm. 

Avfo'age 

PaO; 

pere(;nt' 

age 

Aviii-agt! 

total 

in milk 
per (lay 
in gm'. 

Ratio 
Oa-O ; 
PyOr. 

Lalibrooclii . . 

8th weelc . . . . 

38 

0-108 

27. 

0-209 

36 

1 : 1-31 


24tb to 28fch week . . . 

26 

0-172 

21 ■ . 

0-231 

28 

1 ; 1-34 

Rajsam . 

8tU week . . . . . 

■ 44 

0-163 J 

81 ^ 

0-193 

39, ■■■ 

1 ( 1-26 


2‘l.th to 28tii week . . . 

28 . 

0-167 

21 

0-213 

27 

. .1 

1 ! 1-27 


Table X 


Comparison of the milk yields of Amerimn and Indian cjms and the 'percentages of calciii in and phosphorus 

in their milk 



percentage 


0 . 179 — 0 - 2<)0 


O-l 80— -0-209 


feed. When oux data are u,s(!d foi' calculation.'^ on 
similar lines, positive (.uilciiim Inilanct's ani 1‘ouud in 
all the cases, phosphorus balances positive in most, 
hut negative in sotiuj cases, s})(‘,c.ia.liy in the c.asf', of 
high-milking cows. 

Table XI shows tln^ total iniak<i of cahuuni 
and phosphorus in tln^ feed and t.he average ))(*r- 
centage of calcium and ])hospl.)oi'UH excreted in the. 
milk from the total intake during the difTcrent 
periods. 


High oiidnrs 
Holstein . 
Holstein . 
iSabiw'al . 


pei’ccntago 


Low 

Jersey . 
Holstein . 
Sahiwal . 


hi the balance experiments of Hart c/: a?. [1922] 
in the case of animal No. 2 with an average daily 
yield of 11 pounds, the average of CaO in tlie foocs 
and urine was 70-77 per cent and that of P.^()r, was 
66‘0 per cent, of the total amount of intake. In 
all cases they found that the balancic.s wore just 
positive. Thi.s showed that for 29 gm. of CaO in 
milk, 100 gm. of CaO should be given in the feed to 
keep the lialance just positive while for 33 gm. of 
PjO^ in the milk JOO gm. should be given in the 
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Table XI 

Total intake of CaO and PjOs in feeds and the percentage excreted, in milk 






26tii to Slat .Tilly 



1st to 4th August 



6th to 10th August 


jrainei of cows 


Intake 

of 

CaO 

in 

feed 

Average 
percent' 
age of 
CaO 
excret- 
ed in 
milk 
from 
the 
total 
intake 

Intake 
. of 
PaOs 
in 
feed 

Average 

percent' 

Tof 

excret- 
ed In 
milk 
from 
the 
total 
intake 

Intake 

of 

CaO 

In 

feed 

Average 
percent- 
age of 
CaO 
excret- 
ed In 
milk 
from 
the 
total 
intake 

Intake 

of 

PjO, 

in 

feed 

Average 

percent- 

^ej)f 

.excret- 
ed In 
milk 
from 
the 
total 
intake 

Intake 

of 

CaO 

in 

feed 

Average 
percent- 
age of 
CaO 
excret- 
ed In 
milk 
from 
the ' 
total 
intake 

Intake 

of 

PjOj 

in 

feed 

Average 
percent- 
age of 
P.O. 
excret- 
ed in 
milk 
from 
the 
total 
Inmt 

High mUkers 

1. Felbir . . 


99-37 

6-81 

67-3 

18-6 

106-58 

9-69 

71-7 

25-2 

107-34 

15-66 

68-7 

S9-8S 

2. N-aiaJkhati 



97-78 

■3 

49-i)2 

1-55 

104-73 

2-23 

63-91 

7-9 

106-61 

16-0 

62-16 

44-63 

fi. iN'ashiirki 



105-69 

18-8 

90-26 

31-16 

110-85 

18-9 

96-87 

30-0 ^ 

113-26 

14-9 

90-13 

26-44 

4. Tashkam 



105-87 

19-7 

92-36 

30-8 

111-08 

18-28 

98-96 

30-0 

118-38 

18-1 

61-69 

80-0 

S. Eaarjl 



105-73 

25-42 

98-05 

iM7 

112-7 

84-1 

104-66 

iO-SS 

114-99 

18-38 

96-67 

' 43-e 

6. Sakila . 



105-69 

17-43 

90-26 

22-29 

110-86 

18-37 

96-87 

27-72 

113-26 

17-93 

' 90-18 

29-48 

7. Lauchasari 



104-03 

20-44 

84-.5G 

sr-ii 

109-19 

19-4 

91-17 

$4-16 

111-66 

25-18 

85-05 

32-39 

8. Lakhroochi 



104-95 

19-44 

88-46 

81-84 

109-19 

19-98 

97-17 

29-62 

111-66 

18-82 

85-06 

33-7 

0. Karblla 



107-33 

86-66 

98-05 

36-18 

112-7 

26-79 

104-66 

35-18 

114-99 

28-41 

96-67 

33-45 

10. Eajkhafcl 



107-63 

25-0 

98-05 

20-54 

111-77 

24-66 

100-76 

80-62 

114-13 

23-8 

93-4 

31-11 

11. Lakholral 



106-61 

22-42 

94-16 

30-91 

109-93 

23-73 

92-97 

32-67 

112-4 

23-62 

86-86 

35-33 

12. Kajaam 



10-1-95 

22-24 

88-46 

34-03 

110-11 

20-41 

95-06 

29-67 

112-68 

lS-61 

88-32 

81-9 

Ipw 

Baisuri 

ilhs.n 


96-65 

0-95 

53-41 

25-26 

101-81 

9-86 

60-01 

121-81 

104-74 

8-83 

58-88 

ao-e* 

14. Bajramal 



99-42 

12-09 

65-09 

26-6 

103-60 

1M.5 

67-8 

25-23 

106-47 

10-2 

65-48 

23-83 

1j. CJiorenst 



97-57 

13-7 

67-3 

34-06 

102-78 

18-04 

63-9 

30-44 

100-44 

ia-22 

65-65 

88-16 

Itj. Hajudhina 



93-88 

7-75 

41-73 

24-65 

98-12 

5-83 

44-44 

17-78 

101-29 

6-44 

45-8 

80-29 

17. Eajlari 



93-38 

6-82 

41-73 

22-72 

99-05 

6-54 

48-38 

21-45 

102-15 

6-82 

49-07 

16-72 

18, Sarajan 



100-84 

11-79 

68-99 

22-97 

105-5 

10-84 

75-59 

19-07 

108-2 

9-68 

71-97 

aO-67 

10. I/aktajaii 



101-26 

18-63 

72-88, 

84-07 

106-42 

16-02 

79-48 

26-78 

109-06 

15-45 

■ .75-24 

as-77 

20. TambuWa 



96-65 

10-5 

63-41 

24-88 

101-81 

9-21 

60-01 

20-36 

104-74 

8-97 

68-88 

20-38 

31. Lerang 



95-73 

11-39 

49-52 

32-79 

100-89 

10-«1 

66-12 

28-45 

103-88 

10-0 

51-61 

27-64 

■22. Lakranii 



97-57 

9-33 

67-3 

22-2 

102-73 

8-71 

53-9 

19-42 

100-45 

9-64 

65-55 

23-24 

23. Tarooohi 



102-18 

16-70 

76-77 

30-68 

106-42 

16-05 

79-48 

29-48, 

109-06 

15-18 

75-24 

30-1 

24. i’olgfti . 



102-18 

17-30 

76-77 

31-61 

106-42 

16-79 

79-48 

31-18 

109-06 

16-23 

76-24 

aa-1 


The iUIicIzed figures sbow negntive baljin***. 
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TABtB XI — contd. 


Total intah of CaO and P.0, in feeds and tliefmtage mrdcl in. wffli-coiitd. 



11 th to 14th August 

13th to 20th. August 

21.s1 

t.(! 22nd 

August, 

Names of cows I 

A 

ntake 

of 

CaO 

in 

feed 

verago 
rcent- 
ge of 

CaO I 

xcret- 
ed in 
milk 
from 
the 
total 
ntako 

A 

P 

ntako 

of 

P»0» 

In 

feed 

verage 

ercent- 

‘ffc? 1 

xcret- 
ed in 
milk 
from 
the 
total 
intake 

A 

P 

ntake 
of < 

CaO 
in 

feed 

verage 
eroent* 
age of 
CaO 
xcret* 
ed in 
milk 
from 
the 
total 
intake 

A 

1 

ntake 

of 

P*Oa 

in 

feed 

verage 
ercont* 
ige of 

l'aO» 

xci-et- 
ed in 
milk 
from 
the 
total 
ntake 

A 

P 

Intake 

of 

CaO 

in 

feed 

verrtge ■ 

' n-ent- 
ige Ilf 
CaO 
xcret- 
ed in 
milk 
from 
the 
total 
intake 

A 

ntake 
uf t 

I'yOs 

feed 

verage- 
ereeiit 
ige ef 

I'-jO, 
xcret - 
ed in 
milk 
from 
tlie 
total 
ntake 

llighmimra 













1. i’el»)ir . . • * 

lOS'O 

20-75 

68-63 

43-4 

103-22 

22-1 

67-27 

42-1) 

104-23 

•21-7 

88-77 

:io-5 

a, Naritjlchati ■ 

105'68 

22-45 

75-18 

4M 

101-95 

25-9 

73-82 

[4,1-0 

105-18 

24-15 



3. Nashurlil 

108-1 

12-2 

83-52 

22-15 

107-42 

18-9 

82-16 

34-34 

107-6 

19-5 

104-91 

27-53 

4, Taslikam 

106-30 

18-1 

81-72 

30-9 

106-58 

18-58, 

80-36 

81-9 

106-86 

18-2 

108-14 


5. Enarji 

6. SalcUa . . • • 

109-83 

108-1 

23-11 

17-1 

90-07 

83-52 

43-45 

28-86 

109-15 

107-42 

21-73 

17-8 

88-7 

82-16 

47-1 

29-5 

108-48 

107-6 

21-97 

13-2 

109-73 

l()4-04 

33-33 

19-0 

7. Lancliasarl . . 

100-49 

16-76 

78-45 

34-34 

105-81 

1919 

77-08 

/ 37-89 

105-98 

19-8 

98-:15 

30-86 

8. Lalthroochl • 

10.5-63 

18-42 

76-19 

34'58 

104-95 

19-27 

73-82 

34-35 

10.5-11 

18-0 



9. Narblla • 

108-90 

25-78 

80-8 

39-47 

108-28 

25-47 

86-43 

S8-(i7 

108-48 

24-78 

109-78 

20-titi 

10. Eajkliatl . • 

103-90 

25-07 

80-8 

34-72 

108-28 

23-14 

85-43 

30-68 

108-48 

24-12 

100-78 


11. Xakholml • 

108-1 

24-06 

83-53 

3(t-n 

107-42 

23-58 

82-10 

35-S4 

107-6 

2:5-:W 

104-94 

26-i);! 

12, Bajsftift 

100-36 

21-24 

81-72 

35-4 

106-58 

18-7!1 

80-33 

31 -7:1 

100-86 

17-00 

103-14 1 


low miners 













IS. BajHUi'i 

99-58 

0-47 

52-28 

2.3-26 

98-9 

8-2 

60-91 

20-05 

98-1 

8-4.5 

5,5-21 

2U'06 

14. Rnjrama 

100-45 

11-24 

65-55 

29-26 

99-77 

10-02 

54-18 

20-91 

98-1I7 

9-17 

60 -0:5 

21-8 

16. Choreng 

99-.58 

11-33 

62-28 

32-23 

98-9 

11-67 

50-9 

31-05 

98-9 

10-01 

60-(i:l 

23-82 

16. Rajudhiiia . 

96-13 

7-07 

39-2 

24-21 

95-45 

6-S3 

37-83 

28-33 

95-17 

6-34 

40-.87 

21 -73 

17. Kajlari 

06-99 

5-0 

42-47 

16-47 

96-31 

5-24 

41-1 

17-22 

; 93-17 

8-97 

40-87 

l:i-5 

1(V7 

18 . Sarajan . 

102-27 

9-68 

62-09 

21-57 

ioo-5 

9-5 

60-73 

21-04 

: 100-73 

8-48 

00-61 

19. Lakhraian . 

102-17 

17-18 

62-00 

1 37-64 

101-49 

16«24 

60-7:1 

33'6f 

> 101-6 

16-0 

74-4 

2i)-0 

20. Tambutia . . 

98-75 

1 9-29 

49-01 

23-44 

1 98-04 

9-41 

47-lM 

24-9i 

> 9.8-1 

7-87 

55-24 

l»-0 

21. Lercng 

98-75 

! 10-84 

49-01 

L 31-15 

S 98-04 

1 10-2E 

i 47-64 

. 30-2( 

5 9.8-1 

10- 1 

5.5-24 

25-05 

22. Lakrami . • 

99-f.i 

5 8-0 

52-2f 

} 22-85 

i 98-9 

7-7( 

1 60-91 

20-5' 

7 98-1 

c.-sr 

1 55-24 

l,5-:i-i 

28. Taroochi 

103-9 

16-67 

r 68-01 

J .34-3' 

7 103-25 

i 16-6! 

i 07-25 

I- 34-6 

9 103-8! 

•i 17-0 

83-8i 

i 28-2 

24. Eolgai . 

, 103-9 

17-3- 

t 68-6; 

i 36-li 

2 103-2! 

: 

i 16-2( 

1 C7"25 

1 

r 34-0 

4 102-lt 

8 16-0 

79-1! 

1 28-8S 


T(ie italic BizC'! flpum show negative balances. 
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Fig. 12, Cl)oreng~adult and low ylolder; milk yield, oto. in the third 100 days ot lacUtion 


G obind Singh Th^par and Bipin Bihari Singha 
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Summary 

Tli,e percentages of calcium and phoapliorus in 
tlie different milkings of a ])articular day in a cow 
showed no variation. 

There -was practically no variation in the per- 
centages of calcium and phoH])horus in the course 
of four weeks except in the preniilbers or those 
cows which reached or jiassed the peak period. 

When the cow was in the })eak ])criod the per- 
centages of calcium and phosjdiorus in the milk 
decreased and when that period passed, the per- 
centages of these elements in the milk increased. 

When the. yield -was below 10 pounds, in the last 
days of lactation, the percentage of CaO and P^Os 
increased. 

In the premilk the percentage of phosphorus was 
very high and that of calcium very low, so much so 
that the ratio of CaO : PaO,, attained a value as 
high as 1 : 3‘64: in the beginning. 

The percentage of calcium in the premilk gradually 
increased and continued to do so till a week or two 
after calving when the tendency towards stabiliza- 
tion appeared. On the other hand, the percentage 
of phosphorus increased for some time, reached the 
maximum before calving and then decreased. It 
continued to do so for a week or so after calving and 
then the tendency towards stabilization appeared. 


The ratio of calcium to phosphorus was different 
in individual cows. 
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ON THE MORPHOLOGY OF A NEW GENUS OF AMPHtSTOMES FROM THE 
RUMEN OF CATTLE IN THE UNITED PROVINCES 


By Gobiis’d Binoh Thapab, M.Sc., Ph.U.(Lon:d.) and Bipin Biuari Bingha, I>.Sc.(Luck.), Helmmthiasia 
Scheme of the Imperial Council of Agricultural Research 
(From the Department of Zoology, Lucknow University, Lucknow) 

(Received for publication on 28 October 1944) 

(With Plates XII and XIII) 


In the course of investigations by the authors on 
the systematic survey of the helminth parasites of 
the domesticated animals at Lucknow under a 
Scheme sanctioned by the Imperial Council of 
Agricultural Research, New Delhi, .some amphistomes 
were recovered by the authors, from the rumen of 
buffaloes and cattle at the slaughterhoitses at 
Lucknow. A few specimens of the amphistomes 
were also received from Etawah and Bareilly. These, 
on closer examination, ajjpear to be ucav to 
science. 

These amphistomes reveal certain points of great 
systematic value which necessitates the revision of 
our knowledge of this group of trematodes. While 
reserving remarks on the classification to a subsequent 
]>ul)lication, the authors present here in the following 
pages a detailed account of the anatomy of this 
interesting form. 


Methods 

The worms were fixed in corrosive sublimate 
solution but some were flattened by pressure of 
cover-glass for whole mounts. Several chemical 
reagents were tried for the study of excretory and 
the complicated lymphatic systems, but the Ib'llowing 
method gave the best results. The worms, after 
washing, were shaken Ai-igoroiisly in a saturated 
solution of corrosive sublimate in water acidulated 
by the addition of 3 per cent glacial acetic acid 
and allowed, to remain in this solution for a jx'riod 
of over 18 hours. They were first washed in distilled 
water for 15 minutes, then in tap wider for 10-20 
minutes and immediately placed in ;mo per cent 
aqueous solution of cauatio potash i Mir oiu; iiour. 
They were again washed in vvatciB dehydrated, 
cleared and mounted. The excretoisH vessels anrl 
their branches became lilack. 
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Morphology of a New Genus of Amphstomes 


For the study of the lymphatic system it was 
found desirable to keep the specimens in corrosive 
sublimate for a lesser time, usually six hours. After 
washing in the usual way they were placed in | per 
cent solution of .sodium thio, sulphate (hypo) which 
was allowed to react on the .specimens for { to 1 
hour. The material wa.s then thoroughly washed 
in water and cleared in glycerine. The lymph 
ve.ssel.s took a lieantiful yellow tinge and could be 
clearly traced through the .specimens. 

Acetic alum carmine and Ehrlich’.s acid haama- 
toxylin gave good results for the whole mounts and 
sections. 

Olveria indica N.G., N.Sp. 

The worms are flat and slightly elongated, 
measuring 6-1-1-7-07 mm, in length and 2-35-3-35 mm. 
in greatest breadth. They are widest in the middle 
and gradually taper toward.s the anterior end. The 
posterior end is, however, rounded. There are 
cuticular papillae present in the region of tlie mouth 
and the genital sucker. The cuticle i.s intunied 
both at the mouth and the genital opening and 
shows cuticular papillse in these regions. It is 
produced into small ridges (denticles) at the mouth 
and is continued into the entire length of the muscular 
portion of the oesophagus forming its inner lining. 

The mouth opening is anterior and terminal and is 
surrounded by an oral sucker. Arising from the 
postero-Iateral sides of the oral sucker are two 
pouches, one on each side, which are fused with it. 

The acetabulum at the posterior end of the body 
i.s well developed and larger than the oral sucker. It 
is oval in shape and measures T3 mm, by 0-73 mm. 
in size. 

The mouth leads into an elongated recurved J- 
shaped oesophagus which oonsi,sts of tw'o ])ortiona — 
an anterior long muscular portion which forms tluj 
elongated bar and the curve of the letter ‘ J ’ and 
a posterior non-muscular portion w'hicb connect.^* the 
former with the intestinal bifurcation. The noji- 
muscular portion of the oesophagus m surrounded 
by a large number of unicellular gland cells. The 
whole of the oesophagus measures 3-6 mm, in lengtli. 
The caecal bifurcation is about l-Td mm, from the 
anterior end of the body. The ca3ca are long, coiled 
slender tubes, making Wo to three antero-posterior 
loop.s in their course, and, terminating blindly near 
the ovary, in front of the po.sterior sucker. 

The excretory pore is .situated dorsaily at the 
jjoeterior end of the body immediately in front of 
the posterior sucker and a little behind the opening of 
the Laurer's canal. The excretory bladder is fairly 
large and more or les.s rounded in .shape. It is 
placed dorsaily .slightly overlapping the po.sterior 
sucker. The two longitudinal excretory ducts 
arise from the bladder, one on each .side and, run 
forward towards the anterior end, terminating at 


the level of the oral poucliG.s. During its course 
about the middle of the body, cn.cdi longitudinal 
duct gives out internally one bramh which rmi.s 
toward.s the median line ami nmets the fellow of the, 
other .side at about tlu* level of the bemi of the J- 
shaped op.sojhagii.s and thn.s give.s a,n n-shajxsl 
appearance to the excretory .sy.sttmi wliicl) is <‘ss(>n- 
tially a Paramplmtonviw ])att('rn. X small l)ra.neh 
from the point of junction of the two tran.sver.s(' 
ducts runs antej'iorly to the (osojjliagus, OtluM’ 
small branche,s are al.‘^o given off Jroin the longitudinal 
ducts and they are mainly di.sti'ibiiteil over the 
intestinal cajcum of each side and thus form a com- 
plete network of excretory tubules roumi tlnun. 
It may be pointed out here that it i.s the fir.st re(;ord 
of a network of excretory tubules .surrounding the 
inte.stiual ea)ca in the Amphistomes and is ropre.sented 
in the accompanying micrOj)h()togra])h (Plate XII, 
tig. 3). Still smaller luanohes and their sul)-branehe.s 
run t() every part of the laxly and the tubule.s 
anastomose with each other. 

The lymjfliatio system eomsists of two longitudinal 
ve.ssels, one on each .side of lhe body, running .slightly 
internal to the inleslina,! eax'a. Tliey .send out 
branches in all directions, dorsaily, ventrally, laterally 
and rue.sially. The main longitudinal vessels as 
studied in the wdiole mounts and confirmed by a 
.study of the serial .sections are as follows : At the 
posterior end of the body e.axdi longitudinal ves,scl 
breaks up into three branclies which divide and, 
extend into the tissues of the jiostt'rior .sucker. 
Immediately in fj-ont of the .sucker they form a 
lymphatic plexus on each .side. 'I'wo ])raM<d)ies are 
supplied to the excretory bladder from each .side, 
which get di.stributcd round the bladder in .snudl 
ampulia-like vessels, .interiorly each longitaulinal 
ves.sel give.s out one braneh to the testis of its side 
and a few to tin? intestinal cieca. Tin* ovary gets 
it.s .supply from one of the lirauehes supplying the. 
te.stis. More anteriorly each longitudinal diK't giv<‘S 
out oju> l)rancli internally wljich divide, s and. .supplies 
the genital .sucker and the co.sojjhagns, and, further 
forwards (Iivide.s and sn])-divides in' tlm sub.stance of 
the oral pouch and oral .sucker. Just before reacliing 
the oral sucker the longitudina,! ducts form another 
but smaller p](ixu.s on each .side. Tln^ Ia,t('ral brancln's 
and their ,sub-])ranche.s liave been obseiu'ed to fuse 
with each other and thn.s foisn a (']n,s<* jietwork ol’ 
lympli tubules all over the ))ody. 

Female reproductive or(pai,f>. The ovary is ronmled 
in shape, mea.suring mm. in diarm'ter, 

and is .situated at a distance of M-J‘13 mm. from 
the posterior end of the body, slightly to the hd‘t ( f 
the median line near the t(>.rmiaation <d' the emeum 
of the side. The ovidnet arises from the. middle of 
the me,sial side of the ovary, Imnnaliately aftei'- 
ward.s it receives the common vitcllimi diu't and the 
Laurer’s canal and forms the ilotype. The point of 
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Fig. 2, The lymphatic system and anijini 
uterus omitted) — a reconst nictioj 
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jufirlion of Hk* tlift'f ducts is t’lirtlicr nifirkctl liy thf* 
])rcsciioc of corapucl slif'il-giand cells. The uterus 
arises froin the tiotype and runs towards tlie anterior 
<*nd of body making a. lew coils wliiili are full of eggs. 
The (awirs^' oi‘ tin* uterus anteriorly is S-sha]>ed, it 
crosses owr from one side of the body to tlie other 
and again to tin' same sidt* as in dV/stroM///o.r. Near 
its tenninatioti it Ix'eomcs sliglitly ninsenlar a.nd 
forms the metra t(n-ni. 'I'lie g<mit.al pore is situated 
at a distanei* of 1-12 min. from the antm’ior eiul of 
tlie liody and is siirrouiuh'd liy a well-developed 
genital sucker. The I'ggs are. oval and opereulated, 
measuring (l•0()S-0*085 mm. by ()-075'()dI9 mm. in 
size. 

The vitelline glands are well developed and consist 
of large follicles situated laterally on eitlier side of 
the body, extetiding tVom a little in front of iho 
genital snelau’ to a little in front of the posterior 
suc.ker. The trans\'ers(' vitelline due.t of each sidt* 
leav(*s the glands in front of the ace.ta.bulum and 
rums inwards to meet eacli other beliind tin' ovary. 
From this point a common vitelline duct takes il,s 
origin and. runs forwards to the dotype. 

.Male Keproductivi* (Organs, 'rhere are two testes 
situated slight.ly diagonally om^ l)ehiiHl tlie other in 
th(* [losterior half of tlie body, a little in ITont of the 
ovary. Tliey are more or le.s.s rounded with slightly 
lobed nuirgins. The anterior te.stis lies at a distance 
of 2-95 mm. from the anterior end of the body and 
measures 1-2 mm. by 9-95 mm. in size. The posterior 
testis li(‘s- C)d7 mm. behind the anterior testis and 
measures ]’33 mm. hy M4 mm. The va.sa deferentia 
from the two testes unite togetlier a little in front of 
the anterior te.stis and form a much coiled tubi*. the 
vesieula seminalis which hauls into a cirrus 0-.57 mm. 
by 0-22 mm. in size. The cirrus is enclo.sed within a 
thin-walled cirrus sac, containing nuinerous prostate 
gland cells, and open at the genital pore beside 
the opening of the metraterrn. 

To sum U]i tin* ]u'esent form, Oheria, is charac- 
terized th us : — 

1. Body pyriform without spines, except in 

the region of the oral siickm- and the 
genital sucker. 

2. Mouth opening terminal ; cuticle inside 

mouth thrown into denticles ; two oral 
pouches present, fused with the oral 
sucker. 

Pharynx absent. ()esophagu.s long and 
.l-shajied, c.oiisi.sting of twm portions and 
is lined with cuticle. 

‘1. ('teca long, forming a ntero- posterior loojis. 

h. Fxcretory system .Nim]jle, H-shaped : 
excretory pon' at posterior end behind 
ojieuing of lauiriT's (auial. 

il, liVmphatlc system consists of only one pair 
of longitinlina] lymph vessels. 

7. 'i’estes two, jilacetl oblitpiely in posterior half 
of body. Vesiciilu seminalis much coiled ; 
cirru.s-sac, present. 


8. Ovary post-testieiil.ar, a lit, Lie lo lef( of 

median line. \'itellaria in distinct 
follicle.s, on the lateral sides of body. 

9. A genital sucker present. 

10, Eggs opereulated an<l oval in .shape. 


Disou.ssion 

From the foregoing descriptiott it apjx'ar.s tliat- 
the genu.s Olveria .sliowus close aliinitie.s with the 
members of the family Cladorchicho in the presence of 
oral diverticula. Tt furtheu’ resembles the su))- 
family Cladorchiiua' in the nature of tin*, intest.inal 
caeca, the relative position of the ovary and the 
testes, the nature and ])o.sition of the yolk glands 
and, the pre.sence of a genital .sucker. It, however, 
differs from it in tin* presence of only one ])air (j1‘ 
longitudinal lymfdiatic rliicts, in the uatim* of tlie 
uterine coils and in the division of msophagus into 
an anterior luu.scular and a posterior ghuululiir 
portion. In the ))re.sence of only one pair of longi- 
tudinal lym])hatic ducts and the imtnre of t.lie 
1‘xcretory sy.stern, it resemhles the membi'rs of the 
family Paramjihistoniida! hut dilfers from them in 
the peculiar division of tin*, msopliagus into tuu 
parts and in the presence of oral diverti<*.ula and 
antero-po.sterior loo])s in the intestine. In tin* 
dispo.sition of the uterine coils it is <as,sociated with 
Oastrothylacida'* from which it differs in many 
important features including the absence of the 
ventral pouch and in the yieeuliar division of the 
cesophagus into an anterior muscular and a jiosterior 
glandular portion. In the division of the CBsophagus 
into two parte it is unique amongst lh<* Amphistome.s 
and it, therefore, cannot be placed under any of the 
knowm genera. It, however, combine, s in it.self, 
as already indicated, the characters cd' several 
families of .\mphi.stome.s. Further investigations 
may lead to the creation of a- new subfamily for 
these forms. 


StJMMAKY 

A new genus and species of an Amplustorne 
parasite recovered from the rumen of cattle and 
buffalo from U. P. has been described in detail. 
The characteristics of tbk form are ; the presence 
of oral pouches fused with the oral sucker, the slunic* 
and .structure of the oeso'phagus, the presence of 
antero-po-sterior )oop.s in Ihe intestinal cteca, 
the pre.sence of a genital ^suckei', H-.shaped 
excretory vessel and one pair of longitudinal 
lymphatic ducts. The presence of the intestinni 
cffica has been demonst. rated for tin* tir.st time in 
thi.s genu.s and is likely to be present in other ge.nma 
of Amphi.stomG.s as well. 

Methods for the study of excretory and lymphatic 
systems have been de.scribed. 
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LETTERING ON 'I'llL KIGIMIKS IMA'i’ES 
eirrn.s .sae 

vx.li., excretory bladder 

fx. d,, e.xcretory duet 
ex.p., excretory pore 

genital sucker 
intestinal emeum 

he. , Lanier’s Canal 

i Le.d., longitudinal excretory duct 
U.d., longitudinal lynipbatie duct 

l. pl., lymph plexus 
Tilt., metraterm 

m. ¥.. a-sophagn.s 

n. yj., oral pouch 
do., botype 

o. *-.. oral sucker 
or.. o\'ary 

pasterior .sucker 
.shell gland 
//, anterior testis 
l:i, posterior testis 
/.r.f/., transvtu'se exerettHy (Inel 
eit., vitellariit 
III.., uterus 
■e.d., vitelline duct 
r..s-.. aeetii.buluni 
n'n.-s., ve.sicula scmiiuilL 

'VniK AND INCTDENCE OF :fTlCIxiVil.NT.TT 
AND BHE,EP IN 1TIE CTCN'rHAI. 

AND CENTRAL INDIA 
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animals of each kind htive Ihumi tixtimiued uitd tlu 


A KOriEMK of research at Nug])Ui‘ ivas sauctioued 
hy the fnipcrial Council of .'Vgrieult.urai Resiuirch in 
IViay, 1940. The work io eoiinectioii with the 
.scheme comnieiteed iu Re])teml)er, I'.llD .-uid elosed. 
ou 31 Alarcli 1943. The programme of work under 
this .scheme was re.stricteil to the invc.stigation of 
(i) the nature of helminth infection and (ii) the 
Incidence of infection in goats, sheep and cattle. 
During the continuance of this .sclieme, parusite.s 
sent to us from tlie ViT.erinary l)(>]uvrtnients of 
Baroda, Bombay and the (kuitral Proviursis and 
Berar were identified ; .samples of ficces were, 
examined and a f(ov parasit<‘s I'rom jioultry were 
also collected and identified. Thi.s jiaper embodies 
the re.sults of the .survey with refenmee only to 
goats, .shei'p and cattle. Prom it-s very nature, it i.s 
evident that the work is mainly .st;iti.stioa,l. 

MaTEI^IUL .\Nn MU'lilOD 

For the purpose of this .survi‘y, collections wore 
made at Nagpur, Jubhul])ore. Ihiipur, iloshangalaul, 
Narsiugpur, all in tlm (hmtral Prin'inces, at .Amraoti' 
ill lierar, and at Indore and Mhoi\ in Central India. 
Vh.scera of animals wa.s obtained from the municipal 
.slaughteihou.se.s and thorougli examinations for 
para, sites were rnatle. A fairly large number of 


('xainiiuitious carried out in ilifferent .season.s. The.se 
factor.s, in the autlior’s opinion, have made the 
results ri'iiable and instructive. 'I'he number of 
animals e.\'a.mined at each ])]a('(' is given in Ta,i)le .1. 


Table I 

Number of (mini ah e.runu tied af e<(.e.h phire 


Place 

Goal; 

iSlieep 

Cattle 

Nngpur . . . 

,fubbulpo/-e 

Raipur . 
Hosliangabad • . 
Nficsiagpur . . 

Amraoti 

Indore > . 

Mhow ' 

101 

11 

•I 

3 

12 

107 

fi 

■1 

12 

33 

3 

8 

1 

2 (including 
one liuffalm 

3 " 

’"14 ' 

For Htimnuu-ixing 

the rest! 

Its oi''th 

c sui'N'oy in this 

paper the author In 

IS taken 

tlie dati 

1 obta,inf'd from 

Nagpur, Jubluilpon 

.'\inr<'i( 

)ti and ( 

.Viitral India. 

Nattiue o.f 

INEEcn'B 

:')X 

The paraaite.s obtained 
cattle are given in 'fable ! 

from U( 
L 

ail, .sheep and 


M.A. MoGHfi 

Table II ' 


Parasiies ohkmml from sharp and mitU 



Nagpur (Ocntral I’fovinOra) 

dniihuliiore (t:)?ni.nil i’rct- 

' 

Amraoti (Berar) 

Mhow and Indore 
(Central ludlu)'" 










iHul cattle. 










+ if 


+ if 


4- If 


+ ir 



fire- 

Host 



pfe- 

Host 

pre- 

Host; 


sent 


sent 


sent 


sent 


'/'ramuMrUii 









1. Volylophomn c.aiylopho- 


Gout, slieci), cattle . 

4- 

Goat, sheep, cattle . 



4-' 

Cattlg 

2. V. omtmi . 

+ 

(t(»at, sheet), cattle . 





+ ■' 

Sheep, cattlft 

■.5. CfttHtrothi/lH.): i;ririiu‘tnjer 


(roat, sheep, cattle 


-J- 




4- 

Cattle 

4. Punuivphi^toiiiitiii rerr' . 

+ 

Goat, sheej), cattle 



iShee)), cattle . 




Ciittle 


4- 

(loat, sl)eep. catlle 








fi. Pusviolii he/mtu-ii . 


Go.a|., sln'e|), cattle 




4-' 

Sheep . 

4- 

Cattii! 

7. kpiikIiiUk 


Goat, slti-ei>, cattle 








S. imliruvi . 


Goat, sht^eji, laittle 




+ 

Sheep, ciittle . 

4- 

Goat. NhuiJ)i, cattle 

9. S', bocis 


Goat., siieeit, catt le 



Goat, slieep . 

4- 

Goat, sheep 

4- 

Cat tie 

le. .S. biii'iimtobi.itM . ■ 

-1- 

Goat, sheep, cattle 








Vi'Stiuks 









1. Ct/sticerenR orift 


4- 

Goat, sheeii . 


.Shi'ep . 

4- 

Shceji, cattle . 



2. Siilesia viibita 



Goat, sheep . 




4- 

Goat 


(tout, eat, tie. sln'cp 

:j. .S', ijlobipiairtotd . 


+ 

Goat, sljcej) . 




•t- 

Sheej) 

-1- 

t.iant, cattle, shtiep 

•I. a. tiepiiticu . 



Goat, sheep . 




+ 

tioat 

4- 

Goat, eat.tle, sheep 

5. jU'-Uellbin htlmmi 


-1- 

Gout, sheei) . 


4- 






(i, a. cmHripuiipMft . 


4- 

Goat, slice)) . 






4- 

Gout, sheep 

7. A. woodUindi 



Goat, sheej) . 








8. A. sudtDiey . 



Goat, sheep . 






4- 

Sh(‘(!p 

9. A . ffOiisH . 


+ 

Goat, sheoji . 








10. Momma bj^puma 


4- 

Goat, shee)), cattle 








U. j1/. benedini 



tioat, sheep, cattle 








12. lichimcoccHs (jronulom 


4- 

Goat, .sheep, cattle 


+ 

Gnat, .shee)) . 



4- 

Cattle 

i;j, VystieercHs horis . 


4- 

Cattle . 








14. OysHcercits tvnnicollis 



Goat, sheep, tmttlo 


4- 

Gnat, .sheeii . 



4- 

Goat, .sheep 

S'ematodo. 









1. Triahomphuhis orin 

.4.. 

Goat, .sheep, rattle . 

4- 

Goat, 



4- 

Goat, slieeji, cal fie 

2, Ufl'nwnchns cQnturtnn . 


Goat, sheep, cattle . 

4, 

Goat, shec'p . 

+ 1 

Goat, sheep 

4- 

Goat, sheej), eat tie. 

!1. ll. smilra . 

4- 

Cattle . 







■i. Jjiniostornuiii triijoiioir- 


Goat, shec]) . 

4- 

Goat, slieep . . 

+ 

Goat 

4- 

Goat, shi'ep 

5. Biniostonuiw jilib'lirtn- 

4- 

Bheep, goat . 





4- 1 

Sheep 

mutn* 







1 


ti. IL bOVlH 


Cattle . 

4- 

Cattle . 



4- 

Shei'j) ■ 

7. OcHopImijoHoiiiian colaiif- 

4- 

Goat, sheep, (sittle . 


Goat, ,sh<‘cii, cattle . 

4- 

Sheep . . 

4- 

Sheej) 

bianmi 









S. 0. radiutu/ti 

4- 

Goat, sheep, eattlf' . 

4- 

Goat, .")liee|i . 

4- 

Goat, sheep . 


sheep, cfittlR 

9. 0. venulosu'tH 


(roat, .shee|), cat tle . 


Shei'fi . 



4- 

Shi'i'j), ratlin 

10. Gaiijeria par/iycelis 

4- 

Goat, sheej) . 

-i- 

Goat, shee)) . 



4- 

Gout, sheej) 

11 . (lonpylonenHi piilehruni . 

4- 

(toaf, shi*c|), )Mt(Ic . 


Cattle . 




(.,!nttle 

12. fr. vnrrn aomtiii 


Goat. sl)e(.|>, cattle . 






Cattle 

1.3. '‘Sefarki diyitatu 


Catth' . 


8he('|), cattle . , 




Cattle 

11. S . labiato-po pilbmi 


CattI). . 






(,'attle 

IT). Mnristocirnis diaitnfii/t . 


Cattle . 


Cattle . 



4- 

Cattle 

10 . dooperia (‘(irt'Wiii . 


Goal. shei-j( . 


Goat, shee|i . 





17. OateHugiu oaleriatii 

t 

tioat, sl)ei'i>, eattl)' . 


Gnat. shee|> . 

+ 

Goat 



18. 0. cireumcinetata . 


Go))t, sheeji . 







19. ’rricfmtrongyliis aoliibri- 


tioat, slnsvp . 

4- ' 

Goat 





.formia 









20. Stroniiyloides papilloaiua 

4- 

Goat, shee)) . 





‘ 

Goat,, sheej) 


*At, Mhow only cattle were exaininedi At Indore only goats and sheep were examined. 


It is o^'idellt from Table Tl tbut mo.st of tlie commoti parasites fotinil ui India ocenr also in tlie F. 
ud Berar tind Central India. 

iNCrDENCE OE INFKOTION 

I liavi' iilrcady einphasined that tlic purpose of the relative depO’ee of infee-tioii by the x’ai'ious para,- 
ds survey was to obtain mainly statistical data on sites. Tables ll'b wnd V give the dal.a obtained. 
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Tabl& ill 


kchfivc rhgrce of vtfecHon by mriom - : (^ofU 


linsti : (.-toati 

Nagpur 1 

.tubbulpori; 


AuiiiUlii 

Mliow ami imtiifu 




Degree of 


s 

Degree of 


;g 

Diigree Ilf ■ j 
lllft'clioii 1 



Degree ol 
InI'eiOloii 





















t*aritslte 

|l 

O ri 
: H 

Perceutage of 
animals 

S 

1 

•g 

a, 

1 
i . 

f 

|l 

51 

^ * 

1 

1 

< 

i-g 

'A 




U 

it 

!?5 

Il 

s 

j Minimum 

1; Maximum 

1 

Ti-p.matodes 





















CotiilophmoH edyUtphonim . 

(K omtam, . . . . 

lOl 

4;.» 

9 

3 

i025 

67 

146 

16 

6 

Iil5 

2 













(hstroUiiilu^^ mm.piufe,r 
emimpltkimnuM et'.rn 

101 

101 

10 


320 

10 

30 

;m 

0 

16 














Fiisciohi {liffpnlkft • . • ■ 

Fnaciola /lepritk^ .... 


17 

i 

W 

6 

It 

6 

16 

16 



1 











,Sthi,Ui)mm'' spMMiit • • • • 

S. indimm 



1 

1 

50 

12 

10 

6 

16 



I 






12 

16 

2 

7 

1 

.S', honk • • 

.S, limmiohimn . . . 

(111 


■i 

'*5 

11 


16 



1 


66 

2 








Vttiadoii 





















CyisiitmMs ovin 

iSiiirsut I'HUrht . , . . 

!m 

37 

118 

a 

620 

112 

35 

6 

66 

13 

42 

30 


too 



2'6 

12 

2t 

2 

00 

32 

)S, fflohiptmafiihi . 

S, hepntictt . 


ir> 

M 

3 

160 



16 

16 





66 

■ -2 


2'rt 

12 

12 

16 

16 

2 

12 

1 

ArifelliiM luhorM .... 
A. erjiiripitnchitif .... 

101 

11 

111 

i 

oO 

G8 

14 

11 


16 









12 

8 

00 

00 

OM 

Ak ihootiUindi ..... 

vi. sud/inm ..... 

101 

id 

i 

'() 

7 

11 
















: ipnipU . . 

nnniaihl f..rp(tiniti .... 


r 

a 

i) 

3 5 
















.1/. hrmtbn 

Jkhinoaocciis yraniilosi's . 


3 

■1 

1 

n 

6 


16 














VijstkeKiis tenuicoUk 

I'l/slkercus t’dtulo nar 

101 


1 




16 










s 

! 

’i* 

> 

.A'nimikirks 





















'Vrkhmxphalus, ook .... 

Hniemomhus eoHiortim . . 

101 

101 

•Ifl 

1 

2 

40 

600 

13 

4.3 

; 1 

1 1 

1 100 
i 100 

i 

111 

47 

13 

1 3 

1 ton 

i 16 


1 5V 

’ 1.2 

81 

73 

1 

■10(1 

38 

63 

Bmontohuiui inijonricpp/ialniii . 
Oesophaimtomum eohiwMnmm 

101 

101 

43 

:VJ 

1 1 
: 4 

105 

200 

-2f 


i 33 
1 33 


lii 

i 11 


i 66 


25 

. 22-1 

■ 

. 24 

4 

0 

7 

On. nulinUm . . . . 

Jk(mdomn;m phkbetomu-m 

101 

101 

M! 

ir 


10(1 

68 

21 

’ 1‘. 


1 11 






' 

. 311 

' 






(Miijena padipcdk , 

iJoiuwlommn pitk/iriim . . . 

lOJ 

101 

■ 1 


SO 

18 

' li 
' 11 


i 3:; 









12 



- 1 

' 

. U. mrmeoHim . . 

t'oopena niirtki;! . 

101 

HV 

1 . li 


: It 
! 41 


1 

1 i 

1 1* 














OstertapUt odertfitii . . . . 

0, cmimninetntfi, 

10 

10 

i ( 
1 


5 1.51 

> IJ 
i i 

S ( 

ii 31 




> 3-61 

» 61 

1 :ii 

i. 'll 

1 : !■ 






Triclmlmptilus coliibriforiitis . . 

StroviiplcikkK vapillomm ■ ■ 

10 

10 

1 

I : 

t f 

1 261 
1 71 

! *' 

!) ■ 

r. It 









D 


i '(01 

1 701 i 

i 700 

OMophagostamum vonitlomm 

10 

1 


i 121 

> 2 
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Table IV 

Belative degree of infection by various parasites — Most : Sheep 


Host : Sliecp 

Nagpur 

Jubbulpore 

Amraoti 

Mhow and Indore 




1 

Degree of 
Infection 


1 

Degree of 
Infection 


nfected 

Degree of 
Infection 


1 

Degree of 
Infection 























I’arasilB 

-v' 


No. of animal 
examined 

Percentage of 
animals 

Miiiimuni 

Maximum 

1 

< 

No. of animals 
examined 

Percentage of 
animals 

Minimum 

Maximiun 

Average 

No. of animals 
ex.amined 

Percentage of 
animals 

Minimum 

Maximum 

a 

I 

< 

No. of animals 
examined. 

If 

g.i 
£ ® 

Minimum 

I 

a 

'p, 

.A.verage 







__ 




— 

' 


— - 

— 

- — 

— 

— 

— 

— 

— 

— 

Trcmiitodcs 






















Cotylopkoron cotylopkorum . 

C. (imtum 


107 

107 

.51 

3 

984 

.5 

9t' 
' 4 

8 

50 

.50 

400 

229 






12 

10 


4 

82 

Onutrot/iylir.i: Krtnnenifer 


107 

21 

:1 

(iOt) 

91 


38 

4( 

26( 












PammpMutonMM cfini 


107 


12 

12 

4 


13 

f)f 











I'tiHc.iola t/iiiantica . 


107 

;t 

■t 

19 



20 














J’ . /it’putica . , 


107 

21 

1 

42 



2( 




4 




1 






ScliitiioHiji)iii. ispinilulia 


107 

, 


4.' 



2.' 


1( 

: 

111 











.S', nidimiin .... 


107 

1! 

1 

24 



li 



7.'- 


l: 


12 

16 

1 

1 

1 

•S', horia .... 


107 






20 














.S', fuinumlohium. 


107 


' 

















Cedoiics 






















t'ystkrrcn^ uvh . 


107 

lit 

I 

J. 







J 

26 



2 






-StiknUi nttata 


107 

lit 

1 

200(. 

2( 



-.1 

"{2 

21 




12 

8 



8 

■S'. tihbit»iii(;Utiu . , . 

.S', /it'padw .... 


107 

107 

22 

1 

100 

tor. 

19 

34 

i; 

2 



29 

112 


76 

' 

9 

3 

12 

21 

2 

8 

6 

Jritfllinii lahimu , 


J(t7 



210 





Ui 

10 

7 











J, ecnfnpitttcMtt 


107 

7 

12 

20 

13 


20 







12 

8 



a 

.1.. HWdlandi . . . 


1.07 



50 

29 















A, tniiltnici .... 


107 


li 

« 











12 

8 



8 

..1, nonyhi .... 


1(17 


li! 

15 

II 

- 















Momedn expunsa . 


lOV 



« 

















J/. bmu'dini .... 





■>o 

l-> 


1" 














Eidiinmotcus ymnnlosim . 


107 

7 

1 

li 

■2 

,s 

13 














VysUccrous tenukollk . 


107 


I 



.8 

13 









12 

l(i 

2 

i 

11 

yeiiMtodfis 






















Trkhtictipfwlus orii 

Hmnintichiis contortus 


' 107 
107 

n 


4.) 

.500 

55 

5 

100 

100 

2.8 

23 

270 

13 

1 .50 


..r 

40 

100 

07 

12 

12 

89 

78 

1 

1 

86 

200 

8 

12 

liiinontoMum triijoiiocepftiiluni . 


107 

.'12 

2 

1 50 

•>.8 


40 

J 

■ 

e 

24 






12 

12 

67 

16 




Ot'tsopjwijodohivw columhitni nm 


107 

;{;{ 

I 

90 

21 

8 

7 


4 

75 

10 

SO 

3.1 

.3 

26 

8 

11 

0 

Oe, mdiatum .... 
lOniwitoDumi pfilebvtoiiii'iii 


107 

107 

;{8 

11 


2.-.h 

iV) 


25 

10 

18 

14 

4 

25 

150 

160 

150 

12 

8 

16 

'20 

•25 

... 

(Untierid iHii'./iyviik . 


107 

10 


15 

9 

1 


20 









12 

24 




Ooiii/yloHi'.iHii piileliriiM . 


107 

1 

2 

ti 










4 

11 

7 

mmtcomim 

Heiiina digitata 


107 


0 


10 

8 

13 



4 











Uoopma lUiHivcl 


1 07 






20 

40 














Ostertiifiin ontfrinf/l ■ 


107 

l' 

(i2 

ii2 

02 

5 

' g 













Triclmlonyylusi (•ulubrijonnia . 
ytrorKjyloiden pujiiUotiiim . 


107 

- 

15 

270 

87 

5 

20 

20 



9 

31. 











Oemp/myoskinwm veHulmnmi " . 


107 


12 

17 

21 

■’ 

10 

7 

18 

1- 














Nature a.ud Incidence of Beiminfli Infection in Cattle 
TaIjle V 

ltdallve dqjrce of infortion hy various parasites — Host : (JaMle 


Host : Cattle 

Nairpiir 

.Julibulpore 




Decree of 



Dl'KITli uf 




l.idcctioii 


f; 

infeetinn 













■r 

-1 




■/ 





Purasltea 


"o 




ir. 

c 





li 


I 

1 

s 


-l 1 

j Miuimuni 

1 

< 

'I'fematwks 











Vvliflifplioi'on nit!il<^t>liOfiiin . 

33 

72 

eii 

4000 

809 

2 

50 



6 

(Mstei'Mulm criimemfer . : . 

33 

f.l 


1 .300 

479 


100 

128 

S-iOO 

1704 

l‘i(rampMtih)miwi can't . , 

33 

21 

-1 

itOO 

282 

1 

100 



. 1.5 

Fttmskt mijantmr .... 


0 

2 

9 


1 

100 



23 

Fmnold JifljwMm 

33 


1 

9 

5 






ScMtiUmiii'i «piii'kH» . . 

33 

1.3 

20 

2011 

130 

1 

100 



18 

SahiammiM imticuni . . , . . 

.33 

.31 

s 

000 

14.5 

2 

50 



4:2 

Saliktowiim bovin . 

3;i 

12 

1 

3.50 

17t1 






SchistomuM lueinatulduin . . . 

3.3 

12 

20 

sot 

1,50 






i'lsc/itndwi’as . . . 











CHioiln 











: <.:!isi i('eriii.w win ... 











SiileHui Httub> . . . . 











Monianu cxpmmi .... 


(1 


f 

4 






M. henadini . 

,33 

4 



r 






: dkJiiHmtmcMs gmnidoms , 


1,2 

1 

0 

() 






sqsticenus Itmris . .... 

33 




20 






: Cfjstia'i'cus tmuicuUk .... 

33 




20 






Ncmtmkn, 











THcltnciip/mlus oviti ... 


12 


15 

23 






Unmonahm eoHtrotus .... 

3,3 

(t 

i 1 

11 

0 






Oi'mp!ni(io!it0inni)i, colimbiunu.m . 

33 

12 

1 2 

35 

34 

1 

lot 



18 

(jfl. md'kttitiii . . . ■. 


27 


■tr 

n 






gonpplmixriut pnldmm . . . . 


1 2-1 

; s 

2.' 

15 

1 

10( 



3 

a. vmiK'oiMm. . . . 

3.3 

! . 12 


1.5 

10 






Sf’tiirUt lUditiiti.t .. . . , 

33 

1 lii 

. , 1 

11 



10( 



4 

,S'. lubuito-papilkm: . . 

3.3 

24 

1 








lltmiona/iiiii HmUis . . 





,3 






iiunodoniUM boirls , . 

S3 

(' 





! 6i: 



1 

Maciskacritu diirilutus . 

S3 

h 

1 s 

: ( 


1 

L lot 



1 

OesopIWiintiUwiWH tctudOiniM 

33 


1 1 

1 

1 







Mliow and liuiore* 


JU 30 13 

Ml -lOl 32 
Not in cattle 


Not found in Indl'alo 
lOl lOi .. I .. 1 40 

Not found ill btdl'alo 
10| 10] 1 ..1 <iO 

No! found in Imfl'iilo 

lOl 10! 3 

Not found in luUlalo 
Not found in cattle 


231 


32 


I0| I0| , 

Not found in Iiuiliilo 
I0| lOj .. 1 .. 1 2 

Not found in liuiralo 


Not. found in buiiiilo 


Not I'ouiul in bufFalo 


*Liri)or line of flRurcs refers to cattle ; lower line to bulfaioes. 
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>SVa.9onariYfrMi/ow 

\'I1 available only for Nagpur and it is siiuirnarixed in Tables VT, 

Table Y1 

^ ^eim mal vanaUon in the ineidetice.pf infeetum—Hoct : Goaf 


t 'nfi/lii/ifionm roti/loplioriim 
Uudriithiilux (‘rmmnipf . 
Xchi^.'fmtmn npiiniuli^ 

S', indicum . 

Ji'am-Ma hepatim 
Idiminphhtoniuw n'l'r! 

( 'itfj/lopporiJii ui‘iit)iiii 

'Srhluaitiuliin 

h'lixrltihl (tiudHlu'd 
Sr/iiidiixoifid tia'iddUilihoii 


Cj/nfuirmi/t nrin 
MoHiKiii fxpduxd . 
Motiifizia hi'in'di)ii . 
.ivlkdlind la/iaffd . 

stdk’Hid h-patird 
A riMIiiiii sdddm’u . 

A I'iMliild Ci’n/dipiitirfdtd 
ev /' tfis i a f/ldh i pun ft did 

Stih'XHif rittdtd 
A I'iMliild ii'oiiilldiidi 
ii'di'nid ti’nilifidUx 
Evh hini'iiriui s (/I'd n iilmii n 
AriMlhiu i/oui/h'i . 


(lonyi/lonema pulchmui 
iSiOioxtiiinioii trii/onocfplidlddi 
(■‘uit/ei'ia parki/Hi'eUx 
( ie nophagiMtimi um radiatii m 

// iwmonchdii I'mifortiiis 
Oi'xiiphaijiixtunuiii cdhinihianiri) 
Oiiiii/i/hmuniu. vnfriwn.iHiii . 
Ti'Mnist,r<iiiii!ihi.x aildlirijiiriiih 

(ionpiu'ia fdditxi. 

Bimoxtoiiiiiii phkhfituin 
()xkrtai/ia iixti'i'tdi/i . 
Oe.xophdijostDnvm reiialondvi 

Stri>fi.{/i/li)idi's papilloxpiiiii 
Oxtfirtai/i wi nrntriii'iiiduid, 
Tnclwei'phaldx or/.v 


Octolier, November, l)eceinl>or 
( MUD, 41, 42), .lannarv (UI41, 
42, 42) 


Dry S 0 . 180 II 


Marcli (1041, 42, 43), April, 
May, .luiie (1941, 42, 43) 


.Lily, Aiifriist (1941. 42) 
.September (1941), 41, 42) 


Degree of- 
infection 


1 

Degree of 
infection 




f 

r 




I I 

■ § 


§■3 ■ 


s- 

2 


5 [§ 

‘ .= 



if 

fS 


1 

1 ■ 









"S u 

1)0 

iLl 


lO-b 


3'20 

I 

i 

.0« 

'IVi 

’M) 

V i\-i\ 


J* 

1 



.50 

0*0 

■ - 

1-2 

■ ■ 7 

•s 0(1 

a 


:!(l 
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Nartmr awl hiculence of Helmmth Infection in Cafile 

Table VIT 

variation in the incidence of inf eeiion— Host ; SJiecj) 


October, November, December 
(libiO, tl, 42), .laimary, Feb- 
roary (liltl, 42, 43) 
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iyi. A. ivioaHE 


Table VITT 


Seasonal variation in the mcidenee of 'infcation-.--Host : Cattle 
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8()MM TMfORTATs'T CONCLUSIONS" 

(/(Ht.lx. Ill tlu; (J(>ii(-.i-jiJ I’j-oviiK'.es and Bi'nu-, 
,ao;i(,s liiv i'oiitid to 1)(‘ very Itoavily inlfictt'd wilJi 
Tvfni;it(j(](‘,s ill Nafipur and tin* porfcntaaio of iti- 
l(*('t(‘d iOiiitials is ^I’fat.rst, iti wiiitf'v sea, son from 
Ut‘(‘<‘nil)(‘r to Ketiriiary. Anijiliistonio infection is 
the lii^liesl ill all Sea, sons and in winter as many as 
7fi per e(>iit of auiiuals are infeeti'il with them. Coli/- 
('i)l!jl(iiihorfim and (fitstrrtlhylfU' erumenifer 
are the commonest amphi.stomes, FaHnoJtJi hepalira 
11 nd s])eeies ()l Hchidtmymi are not V(‘T'y common 
and llie incidence of infeetion is also low. ' In Central 
India, the only treinatodes found a.re .species of 
Sc/natosonia and tlia,<- too only in Itl [x'l* (‘ent 
animals. Am]jliistonies are oonspionous 1)v their 
aiismice. 

Ill the Central Provim'os and Berar, species of 
A oil de Ufa And Af.ihsia occur very commonly. In 
Central India Alfh,sia oiltata is v(*ry common Imt 
the perccntaii'c of infecti'd. animals is only '24. 

fla.mo'ifcliu-'i cMitorlits is found in the Central 
Provinces and. Berar in aliout 7A per cent of animals 
in the rainy sea.son Imt the percenta,<ie falls to 3B 
'.** avera,eY‘ infection also falls down 

from ro to dl per animal, Tnc-hocephahiyt ovIh also 
oeeurs in a, larve nnmher of animal.s hut the iidcction 
is ^ not heavy. In Central India, Trichncephalas 
oois is more_ atnuidant ocenrrin*; in as many as H] 
per cent animals. Bnnoslonum triyotfacepfmlnm is 
also more eommon than in the Central Provinees 
and Berar. 

S/ippp. In the Central Provinces and Berar, 
sheep are more^lieavily iiifecteii at Raipur than ar 
other jilaces. OnU/lophoroH cni/jlophormri is the most 
common parasite occurring in’ Central .Provinces in 
51 [ter eent of .sheep with an average load of <)S| 
per infected animal. Hpeeies of Bekhtoaoma and 
hmviola Ju-ipat/ra are more al)unda,nt in shei'p than 
m goats. But it is iiitere, sting to note that Cotylo- 
phoron cMijlnphonm is more abundant in the raiiiv 
season than in winter. In (Vmtral India, the oidv two 
treinatodes infecting sheej* are Colf/lophorofi 
ovatim apd sjiecies of /SV///.s>/r>.w>ar/ ; hut tlie 
inlec'iion is low: onlv U! [ter tteni- of amimals are 
infected. 

( onmionly the same cestodes wliich infeet miat 
also infect tlie slieep. In the Central Proviiices"iind 
•Berar, Sfdeytiu iilohipfwcfata oiu-iirs in ahout 17 
per cent of the animals showing heavy infection. 

In tcntral India, the costodo infection is slightly 
more than the tromatode infection. '' 

Tnch)crph(tlm avis and Jlwmoffchu.^ contnrlu.s are 
tiu’ commonest Nematoiies fa slmej) in Central Pro- 
vmce.s. liiuio.stoiifffM irffpmovephaJtnv and (niirerin 
parJifpscelLs occur in :J2 .,er c-ent and Id pm* 'cent 
animals rcs])ectively fait tin* degree of infection i.s 
low. (roncjylofmna palchrmn and G. verrwmum 
occur less frequently in slieep than in goats. In 


fVntral India,, nenmtode iiifccfion is low and les,*! 
va.ri(*d, Tlie only common iieinalijde.s art* i/nvana- 
c/fus (Jantorffi.s and Trlvhix'vphaUi.s avis. 

(JaUle. In (huitral Provinces and Berar, Itaipur 
is the most liea,vily iulVcted a,rea, ; a,s many as 75 
per cent of ca,ttle are infected wit h ( U>l//'l')pltiira,f 
<•()/, i/lapliuruni, and a,t Na.gj)ur 72 per eeni are inl'rcled 
witli tins para, site. Gif.sluitiu/liu artfaifitifar found 
in. BS per muit ca,l (,le a,t l{,ai[)ur and, in 51 per ceni, 
c.atth; at Nag[mr. 'I'he inleclion by Parani phista 
vtfint cfirvi is a,fso lieavy in Haipur but not so hea\’y 
as in Nagpur, The. cattJe in Cent.ral India are le.ss 
heavily iiifecti'd. Only .'50 pi'r (-(‘iit cf them har- 
boured Pammphintonumt CVre/, ro/ylaphofou (uf/flu- 
pliorum iiml Faminkf 

The cestodc infection in cattle m the Central 
Provinces and Berar is eonfmt'd only to Moftiviia 
expanm and M. hcatedmi and ey-its ol' FvJ/iit(i(‘o(‘o>f.s 
{imntila.sn.fi. Tin* catth* at Mhow are also infected 
by th(.>se cysts. 

The nematode iideclioii in cattle in the Central 
Provinces and Berar is fairly varied Imt i.he inci- 
dence is low (‘.Kcejit for Bmta.'i/oniiun fyiipntiH-epIntbtni 
wliich occurs in -1.') per (U'lil of animals. In (Vntral 
India Mi'cisfavti'ni.s fltiplafti-s i,s I'omul in .50 per cent 
catth* and (ioni/t/lamvinf pnlchnun and (F.sophtnfos- 
lornnrn ov niila.su at. in about '50 [ler (U'lit, 

Futork work 

.-Vs a result of this .survey, ihe author thinks that 
work oil the lile-historv a,n(i on preveni.ixe nu*asures 
ol f,h(i following p;(i*a.sif,('.s is v<‘i*y nece!-.,sa,rv at plae(*s 
nutecl. agiu'iist tliein--- 

Cotylaphomn co/y/Zap/m/im/ - The Cent ral Pro- 
vinces and Berar: cattle, shet*p and goats. 

Unnf rath alar rnwiP'nIfvr- -The Centra,! Provinces 
^ andl5erar; ca.Lth*, slnmp and goats. 

Srhi,sta.saniu - The, Central Provinces ami Berar: 
cattle. 

Miyifitavirrus ilii/ilulus - Mhow : catth* 

t^lilvsKi (flahi pn nctutu AiulcHini! i'pnt n pundulu — 
The Centra.1 Provinccis and B(*rar : goat, siiei'p. 

Or.sajthdyuftfaniiiin r<'nula.suin-—M\\u\\' ; ca,tt!e. 

Oe-nnh'afnni—'\'bo Central Pno ii!C(*,s : goat, 
.slieep. e * 

Jinnostonutni iTitjonaavpIuili! m , (run/uriu 'pucluf- 
ficclift The (.‘entraf Province, s ; goat, sli(*ep. 

-■ V ( : K .N ( ) \v I . K m K ivr 10 N ' r ;s 

111 couclnsion, the a,uf,|ior wi,siies to iv.cord his 
gratitude, to Mr II. B. .Sliulii, Director Vcteriuarv 
Bervi'cs, (Vmtral Preoduces uml Berar, for valuable 
{.aioperation and to his researeh assistant,, Dr B S 
Ohauhan, tor valuable asdstanc *. VVilhour these, this 
siirviy wumJd not ha\m l)<><'n possible. 


OOMPOStTION (JF VANASPAfi (IIYDROGENAI’EB EDIBLE EATBl AND 
AIARGAMNE manufactured in imBA ^ 

Jiy B. V.AK, P ANANTAKUtSHNAN, Imp,, Hal Daily Ro*ari,l. J^a„nal„re 

lof puLlicatioii on 2‘,) JiVbriuirv 1!)41) 

J hk DBtRj,lishmfMif; oil fuctoms 


„ wix lauLiunufS 

tiu'ou(.thout Indiii {Iiiriii,tr tliu piist (Incndu ami tlie 
rapid dDYclDpinonli of t!ii,s imlii, si ry that has taken 
i)iai(u' in recent yi'ars has oreatJy ouiitrilmted to the 
nu‘,reas(' in the lu'oduction of edilde fats and also 
tlndr pi'eservation and consumption in a better 
state. Wven thou^^di large f(na.ntitie,s of mnaspali 
iii{‘ nianulacture.d in India from several vegetable 
oils and are being sold in the Indian market under 
\.uious biands, no data regarding the coniposition 
ol onn((.y)afi as a commercial juwluct .seem to have 
appeared in the literature which would give a,n idea 
of the usual ranges of analytical values in the 
<liflerent sam[)les. The pin-smil. investigation was 
, undertaken and analyses of the various brands of 
V(Ma.y>a(! available in India ha\-.' been made wdth 
the above object in view. 


Exi’lORlMlONTAL 

VmmApali samjiles were obtained from the s-arious 
manufacturers in different pa.rts ol’ India, tbromdi 
the courtesy of_ Th<> Vanuspati Ma.nufa,cturers’ 
As 80 CIcitj 0 U of Iticliu., 

Most of the values \yem detmanined by the stamlard 
methods of fat analysis as described by the A. 0. A. ( 
Iodine value was determined hy t,hc jiyridiue sul- 
phate naethod and butyro-refraiitometer readino- 
was taken at lO'^C. Vitamin A was estiu%ted in 
the un^qjomfiable matter by the (tirr-Price reartiou. 
In aJf _,6 vam.spafi samples have been analysed and 
except for the Idon Bmnd (U), prepareil bv the 
Indian Vegetable Products. Limited, as a special 
product Irom coconut oil, they are all available in 
the market for the general pul,li<n In addition to 
Kinu^pat/, BIu(‘ Brand margarim', inanufactured as 
a substitute for Inilter has also been inelmled in the 
investigation. The results of tlnvye analyses an® 
presented in Tabh; I. ^ 


Tabuk I 


Analjjn 


l>iTail'< (if tlu! fiiiiiijilc 


Oiilclii . 

liliural. miiin/ifit;, \ 
C'eto.'c nonisimti 

lUiMUU I'lniiisjiufi, I! 
iSiiow wtiif 0, A 
Simw wliiif, A I , 


..,-.,,.1 .Brand Urado A i 

.Modi rnimr-jKiti “ Boat ” 

JaiK'.-ili Flour Mill.t rnnatouli. 
idoii Brand Uradu i! . 
Chaimidni vanuaimH. Mii^div 

idol) Brand Orada C 

1 . „ ' .. n . 

Taiiico veyutalde |irodnct;», A 

Idon Brand Uradi! 10 , 

Toinao V(!S(!t.al)k‘ prod nets, 1! 
■Bion Brand Orada ]<' . 

Toineo vejjetalila products, C 
liindUHniu Vunmpati witii- 
out aroma. 

.11 ,, witli 

aroma 

Swaslic vunaupnti, 

Li(m Brand miiiiiHjitUi 
■Blue .Brand uiaraariiic 


ButyiM- 

Saponiilca 
tion vuliK 


— _ 

; 



Beroxidi', 


mek>r 

raiidim,' 

at Bi’O. 

Iodine 

value 

U.M. 

value 

I’olmtske 

value 

Kcwnliiiei 

Value 

as perccul 
am; of 
oleic 

va!u(> fas 
ml. ol,' ,N7 
5(1(1 sodiun 
iluosui- 

l’m-t:-(‘ui.iu;(; 
1 ol 

moisture 

- 







plialel 


dnii 

nUd! 

nmi 

liit.S 

(iy-5 

tiP-P 

(12-2 

nil 

0-15 

(1-21 

(1-25 

((•14 

((■:!l 

nil 

nil 

nil 

(I•(I7 

(M;! 

V-PK 

OMIJ 

O-Oli 

Iil)-..l 
5(1. .'i 
50-B 

I'.IM 

nxi'S 

lU0-;i 

5;j-p 
(it -8 
(14.2 

(H5 

Ildlil 

nil 

n!l 

('h!('} 

(i-dt 

Trace 

n.)-s 




ml 

(Idl.S 


'1 race 

n'm'- 

(14-5 

P-ll) 

((•(IP 

nil 

(KP 

d p 

lO-l 

nind 

(11 -7 

O-Ill 

nil 

0-(K 

O'Oil 

nil 

nil 

(t•ll'f•) 



5 1 di 

IP Id) 
MHIdi 
IPI-:i 

iil-l 

n-:*! 

(I- Id 
((•(15 

nil 

nil 





1 ^ 

()• 1. 1 

ll•2(l 

nit 

(.1-14 

d-5(i 

_ dji.i 

51'/ 

51-1 

liu-:} 

tPD-ll 

(i'ii-H 

-os-p 

ihii) 

nil 

(l•2P 

nil 

((•2(1 

nil 

nil 

nil 

ll-dS 

II- 15 

(i- .-U 


4S-S 

nn-y 

IP 1-5 

5S-(I 

47-P 

11- -10 
nil 

((• 1 P 

nit 

(I-(I7 


d-d:' 

"’“■'I 

IP2d 

()(i-(; 

0*57 

((•lii 

nil 

(Kil 

I'race 

J!)-8 

IP.i'5 

■."•p 



nil 




■ISO 

ISS-5 

(12- 7 

I! -.1 

II- 1.5 
ll•ll!l 

(1-1(1 

()-(i.S 

ii-d'' 


IP()-7 


P-27 

nil 

ml 

n-2P 

(l-IKl 

d-72 


ISO 

IPI-5 

IPO-I 

45<(; 

(15-5 

:!;2!! 

(1-11 

((•(I!! 

nil 

nil 

(1-05 

d'"*’ 

ddil 

d-d(i 

. 5l>-{: 

IPddi 

51-P 

0-75 

(1-14 

nil 

(Ml, 

d-ild 

;!h! 

:ill:!-r 

257-1 

2:iP-5 

’’id! 

(l-.-al 

8-0;> 

(j-dO 

15-2 i 

-JT_- 

nil 

(1 (17 
IMKi 
(l-l 1 

d (17 

rrac(i 
• Traci'i 
. 1:1-1 
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Composition of Vanaspati {Hydrogenated mime Fats) ana Margarine 


It will be seen from Tabhi 1 that the hutyro-refrat}- 
tometei- rending iu all cii^es ranges From 48*1 to 
r)2‘f) with the exception oF Lion Brand vanaspati 
((1) vvhi<-h pives a very low figore of 3-f*b, and Blu(^ 
Brand nnirgariiie, whi'di gives a, reading oFoU-O. 
Except for tlie last two samples, the range obtained 
is much al)ove the ligures for genuine hutterfa,t 
( 10'()-43'5). Tlu' saponification value ranges From 
188-5 to lh1--8 with the exce])tion of three samples, 
viz. Bwastilc Jirand runaspati. iLioii Brand vaaaspati 
{<!) and Bine. Brand margarine, whicii give rather 
higli figures ol‘ 203-7, 2r)7-l and 45-() respectively. 
Tlie last two figures are \-ery much above tlie values 
obtainable for pure phee. Iodine va.hui .'•aiiges 
From 15-0 to 68-8 with thi'. exception of Lion Brand 
mnaspaU (G) and Blue Brand margarine wliicli 
give values of BO and 22'u re.s])ectively. It, is 
rather striking lhai th(^ Inon Brand vanaspati ((f) 
give.s such an exceedingly low value which is no 
doiiht. duo to a higher di^grei* of hydrogenation 
and also In the fact that it is mad(> from coeoiuit 
oil oF lovv iodine value. For almost all the sa,mples, 
the K. M. vaiuf* varies from 0-0 to 0-85. But Lion 
Brand vnaaspati (G) gives a divergent ligun* of 8-05 
i«i)d Blue Brand margarine (i-bO. I’olenske value 
ranges from 0-t) to U-Sb in all iho cases excejit Lion 
Brand, vanaspati Blue Brand, margarine (G) whii*h 
give very high figure of I -5*2 ! and 9-77 re.spcctively. 
Krishehner value is zero for all samples with the 
exception of the last two. It was a.lso observed 
that none of the sanijiles examined ga.ve even a 
trace of colmirto the unsa.poniliable matter with 
the (5irr-.Bric.e reagent thus iiidicalitig ahsenee of 
Vitamin A. Nor could any trace.s ol' uiokei be 
detected by the dimethylglyoximo test. 

In chemical analysis fats are generally characteriz- 
ed by the didiwinination of i-ertitin analytical con- 
staiits l)y standard nudhod'.. !Iowe\er, since oils 
and Fats are. miturul ju-oduet.s, tliese values a, re 
subject to variations. The existence of a widi; 
range of value.s in the ca.sc of ce.rj.ain constants in 
fats admits of their easy adulteration with other 
fate without detectiuji. The Avidadlemaiit. proiics.s 
is considered to be a vnihuiblc auxilia, ry to the 
Beiuchcrt-Mcissl value in fieciding whether butter 
fat is adulterated or not, and is basi'd on the relative 
solubilities in water of the barium suits of the fatty 
acids. 

The total buiium value (A) of a Fat ir. the eipiivukmt 
oF the saponification luanhei' e.xjnesscd a.s bariiun 
oxide. The insoluble barium value (B) is that 
portion of the total barium value which rcj)i‘eKent..s 
the. equivalent as barium oxid,e oF the iiisohihle 
barium salts from 1 gm. of fat. In otlau- words, it 
is the. amount of soluble ba.rimn salt (as barium 
'oxide ) to be added to tfu' pot,a,sh .soap Lum 1 gm, 
of Fat necessary to precipitate completely the iu- 


.solublo barium, soap. The ,soliil)le, barium value 
i.s (A-B), which is equal to say G, from wliich is 
calculated the value of B — (2()0-[-(J). Butterfat is 
said to have practically a m'gative va.hu! by thi.s 
formula whereas edible vi'getablc fats have a high 
[xwitive. value. This barium proe.i'.ss is ;idvoc;).ted 
in some, parte of India, to deti'ct the adulleration of 
phee with mnaspafi or other aaiimal Fafs. l-tul 
before this pro(‘,css is generally adoiileil, it is very 
uece.ssary to know the usual rangi's of ilie barium 
value for the tlilferent Ijrauds of ouaaspall as well 
as for ()hee available in various parts of India, in 
the present investigation tin*. Iiarium values for 
the various brands of mnaspali manufactured iu 
India have been determined and are pre.sejitisl in 
Table II. Tlu' method recommended in Food Auu- 
lysis Iiy Woodman was adojited for the ileti'rmina- 
tion of the bariuni value of fat. 

The figures obtained from the forimila B --(200 f-bl) 
for all the ,sa,mples of vegetable fals analysed are 
highly positive ami range from ‘)3-(> 1o Our 

.samples of ghee analysed gave negative valm^' 
ranging from - 2-8 to — 1 1 -B. 


Bummauv: 

'I’wetiby-.six brands of t'Uiiaspali maaiufacture 
in India have been aiialy.sed for their physical and 
chemical constants. Winm compared to ghee, a, 
lower saponification value, (U)l*5), very [o\v H, .M. 
and Poleuske value.s and a high butyro-refractomeier 
reading (50-1) and Iodine, value (.59-2), generally 
charaetcrize the. Vanaspati products. The Krish- 
clmer value is nil Jbr all the .samjile.s. There is, 
however, one exception to the ahtive, viz. Lion 
Brand mnaspatl. (G), which along with Blue Brand 
margarine gave, diverge.nt J'esults, nairndy, high 
Bohm.ske ami saponification values and a, low biityro- 
I'ldVactoim.diT reading. 

'riti'. barium value of vaniispali ranges fi'oin 'l-3,3-() 
to -j-b-I-b, wh<M'ea.s in the icise. of farm prmluced 
ghee it ranges from —2-8 to — 11.-0. 

AuivNowledgument 

Thariks a, re due to The Vuiuisputi Manul'acture.r's 
Association of Jnd,ia, for a.iTangijig to supply the 
vanaspati. samples a.iid also to the various ma.uu- 
facturers for kindly furnishing the ms-('s,sa.ry de.tails 
reijuired regarding flnur samph's. 

i\',if.—\Vliea thi.s article was ready for imhJication, Itaiu, 
Gupta and Athawalc chr.w, 8'w., [liul. and 

N(‘.w.s Editions (i, 2.‘{J puhlishcd Ukj analysis of oight, i)randsof 
vtmaspaii maiiufucturc<l in India. Out of tlieso only Lion 
Bi-aml vanasputi was analysed hy us. It will ho noticed 
that Nehru Brand rannspuli witli a sapoiiilicalion value 
.1.1. M., ()*38 and Boleasku value, (j-l? analysed hy them elusedy 
reaembJes .samples Zti and 27 in Tahio I'ahove. 
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Table II 

Barium values of vanaspaU 


Biinirdo 

No. 

Doliiils ol till; Sainiili! 

.Saponifi- 

cation 

value 

Ba 

'I'otal 

baciuiu 

value 

A 

riuin value 

1 iisoluhle 
l.)ai-liim 
value 

B 

Soluble 

biiriinn 

value 

• c 

B— (200f 

C) 


Ualdii , , . , : . . , . . . .... 

liil-O 

21)1 -.S 

->52-0 

9-2 

813:1 

- 

Tomeo Vttgefcible ,1’rodnct., A . . . . . . . . 

lt)2-l 

202-5 

250-4. 

12-1 

■ +38-3 


„ „ „ B . . . . ... 

lSS-5 

257-7 

217--4 

10-3 

-837-1 



Jill-.') 

201-8 

250-3 

‘ 11-5 

4-3iS-8 


Hiudustiiu MiuuUiiut iii'uig Co., with nrouia 


200-1 

■253-5 

0-9 ' 

■810-5 

(,) 

,, „ w itliout ai'oiiifi 

-iou.., 

-201)- 1 

251-1 

0-3 

-8-17-8 ■ 

V' 

.I.>liarat Vauaspiitd Co., A ......... 

101-1 

•201-2 

210-3 

ILII 

■1;37-1 ■ 

s 

„ „ B . . . 

lOM 

201-2 

252-7 

■S-a 

..■^-l,--ll-2 . 

i) 

Cliaiiiiidiii . , . . . . . . . . .• 

10(t-:i 

200-0 

•2.50-2 

9:8 

+ 10-1 

;i.o 

Modi (Bunt hriiiid) Vunasputt: . ■ , • • . . ... 

101 -I 

201 -ri 

253-,5 

8-(,> . 

■.■i-'irrr>. 

11. 

CiiU‘.\-, Cliuiiiliad , . . . ... 

101-,S 

200-3 

2.55-5 

10-8 . 

-81 9 -4 ■ . 

12 

iBiiow IVliite loud" product, liavourcd, \ , . . 

1011-2 

•200-0 

210-5 

,13-5 

;t-.l.$3-0 , , 

l;i 

,, B . . . . . . 

1011- 1 

2.V.)-!) 

2-lS-l 

11-8 

■830-3 

11 

” . .. *■'’ , 

JiK)-0 

201-1 

•25 M 

9-7 

-i- ii-r 

15 

,, „ ,, uidliivoiired, A ...... 


200-.8 

251-2 

9-ti 

-Ml-n 

Hi 

” ” ” ” • • , • • • • ■ 

ltMJ-(i 

200-0 

.2.50-0 

9-7 

-i-11-2 

17 

„ ,, „ . ., C . 

ion- 1 

200- 1 

252-1 


'■l-.ll-B 

la 

OiOicsli l.‘'iour MIIIk, ViiiMxjmli . . . . . 

102-2 

202-7 

2,57-0 

5-7. ' 

1-51-3 

It) 

Lion tiraud (iriidc, l» . 

iOl-.i 

201 -.'-1 

270-3 

S-5 

-Mil-.s 

20 

” IJ 3» ■ C . . 

101-;.; 

201 -.5 

252-0 

S-!> 

-812-7 • 

21 

„ „ K . . . .' 

lOU-7 

200-7 

253-2 

7-5 

-i-45-r 

22 

!’ ” „ A . . . . . ... 

10(.>-() 

200-0 

•250-:; 

I-;'! 

-1-52-0 

2;.! 

» » B . . . . . . 

101-3 

201-5 

21t)-3 

12-2 

•8 3 7-1 

21 

o o » C . . . . . . . 

257-1 

351-1) 

301-2 

50-7 

+ 50-5 ' 

2,5 

c . . . . • . . . . ■ . 

103-5 

2(ll-.5 

250-2 

5-3 

■i-r)3-9 

:,Si 

Aiarganut! " BliU! Brand ” •. 

230-5 

327-1 

205-5 

3M) 

-f03'(l 

27 

Barni I’roiBiccd ghea . . . . . , . . . 

232-0 

318-1 

257-8 

00-0 

-2-8 

2S 

^ o , . ., . . 

221-0 

:;o7-l 

218-2 

.59-2 

•-1 1-0 

20 

O o . ■ . . . . . ' . . . 

225-S 

.308-7 

21!)- 1 

59-0 

— lo-.) 

;io 


21S-1 

20.8-7 

■217-1 

al.; 

--3-9 



AVIAN TUBENCULOSIB IN A aOOBE 

By B. Nuhul i\louTPU>A, Cx.M.V.C'., P.G. (Madbas), As-sistaiit Disca-se Invo.sfcigatiou OOico!; (PouU.ry)., 

H yderabad-Deccau 


(Hcueivecl fov XJublicatioii 

T(Jbeb.culos[,s in fowls is an insidious chronic 
<Us<'iise. ca.UH(‘<l by M ifcohacleriunt- iuf)ercuhmn admn. 
IbiL this discasi' lias been regarded as being oi‘ very 
rare oceurreiico in ducks and geese. Feldman [1038] 
stall's that the disease is uueommmi in wader fowls, 
and ducks even when living in intimate contact 
with tuberculous fowls. 

Bber [1025] found one ease of tubcnailosis among 
400 ducks but failed to find tlie disease among 412 
geese and 15 swans which lie examined at necropsy. 
Klimmor [1030] over a period of 22 years examined 
l8l ducks and 145 geese and found tuberculosis 
in one per cent of the foriner and 1-4 jier cent in the 
latter. Lamkliolin as quoted by Zeller [1932] 
observed only one case of tuberculosis among 135 
geese and I fU dudes. 

Picard [1027] from the Dutch Fast Indies reported 
this disease iu one goose and two fowls. Tubercu- 
losis in fowls has lieen rocorded from various parts 
of India hut the extent ol' the losses caused hy the 
disease is not yet known [Iyer, 1043]. There is no 
published record available to show the incidence of 
tuberculosis in ducks in India. 

The object of this brief note is to record a case of 
tuherculosis iif a goose. This is the lirst case 
of: its kind encountered in Hyderabad State. It 
occurred iu a flock of 13 geese and 17 ducks which 
w'ore kept in captivity at the Zoological PnliHc 
Gardens, Hyderabad -I)n. About 30 to 40 fowls 
were also in close contact with tbein. Later mi, all 
contracted Ranikhet disease ])Ut 14 sundved. 
Report of the sudden death of a goose was received 
by the writer when he was engaged iu attending 
an outbreak of Raiiikhot disease in the same 
gardens. 

PoST-MOIlTEir KXA.MINATIOM 

It was. an old bird sbowing marked emaciation. 
Rxtensive geiiorahijofl tuberculosis involving most 
of the organs in the body was ob.sen’-ed. To illustrate 
the macroscopic appearances of the infected organ.s 
the following notes are given ; — 

Liver. It was markedly eu larged. A few haiinoj'- 
rhages were observed on the surface of the organ, 
Miliaiy foci of caseation and one largo area a.s big 
as a play marble were seen in the right lobe. This 
large area oi' ca.seation was encapsulated and on 
section revealed cheesy material inside, 'fhe le.sion.s 
showexl great tendency to coalesce into la,rge dilluse 
areas. : ■ 

Spleen. It was 3-4 times tlie normal sixe with 
multiple lesions similar to those of the liver. 
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Lmujs. Both lungs were involved and showed 
marked, tuberculous lesions. Areas oi’ ea,s('a,tion, 
extending around the broucliii and itn-olviiig Ihe 
pleura were seen, Tlurse lesions were, similar to 
those, de.scribed by Feldman [1038] and Dobson 
[1941]. Tliese workers draw attention to the greater 
tendency for tuluirculous lesions to occur in the 
lungs and on tlie serous membranes of ducks. 

Heart, It was broader at the apex. Aloria.r-]iko, 
black and white areas of ncc.rosis were seen iu tlie 
aorta aiul in the auricles iu which luum'rous acid- 
alcohol-fast bacilli were present. The pericardium 
was also involved. 

Gizzard, few nodules oti the .serous nii'inbraiie 
of the gizz:ard, ('specially over the portion which 
was lying iu close proximity to tlie liver, were en- 
coiintcn'd. 

Intestines. Ulcerab'd areas with i-oimd oj’ rolled 
borders were found iu the small inliestinc but nodules 
could be. detected in the wall of the la,rgc intestine. 
The mucous membrane of tlie cloaca and cieca wa.s 
thickened and corrugated. 

In addition to the organs nn'utioned aliove lesions 
were also observed iu the bones, ovurie.s and the 
air sacs. 

M imtOSCOPIO KXAAIJNA'I’ION 

tSnu'iirs priipared from the lesions in the various 
organs when stained by Zielil N'eels('irs mctliod 
revealed a large number of acid-alcohol -fa.st organisms 
clo.seJy resembling in morphology and arrasigcment 
those foiuul in the tubereiijosis of tlic fowls. 

Confirmation, of the material. Material from tlie 
soft tissues and bones collected from the specimen 
was forwarded to the Reseuriili Officer, Tubt'rculosis 
and Joluie,s Disease, Inqierial Veterinary Research 
Institute, Mukteswar, who coulirnied the dia, gnosis 
of tuberculosis and rejiorted that tlu' causal organism 
wa.s of the avian type. 

Sampie.s of faeces from tlie iucuutact gec.se. were 
exanikied microsc.o]>ica.lly for the evidence of the 
int.e.stmal form of tuberculosis vvitli negative re, suits. 

Tuberculin test. Tfiirteen geese, 17 (i neks and M 
fowls were subjected to the intradermal tubm-culin 
test. The wattle of fowls is. selected, as tiie most 
suitable .site :lbr inociilutioii but iu ducks, geese, and 
other birds, this organ, is either aJisent or extremely 
small. Certain workei-s have recorded the results 
of their eflbrte to find a suitable site for the tulier- 
culin te.st, including the coujunctivulsait the eye- 
lids, skin of the neck, breast wing and web of leet. 
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Avi<an tu])(‘7ruliii 0-1 c.c. waf? iajf'C'ted into tLo wol) 
of' ('(>(-{. ill i.lic o-ccsc and duc-ks but. uoiu* reacted 
])o,sif,iv('Iy 1o this lest. Tfiis inetliod of l.e.^tiiitf in 
ducks and ge(‘S(> accordin.^ to (h-aig and -Davic.s 
[1937] is of no {ira(dical value in the diagnosis of 
1 ubereulosis. Dobson and otlu'r.s 11911] eonclijd(< 
thai, llie tuliei'cidin test carried out intradernially 
in the skin of tlie neck and in th<* cloaca and in 
eonjuneliva, witli s 5 'ni In't.ic avian tulau'cidin was 
of no vaiu(‘ in the diagnosis of tiib(*r(adosis in diieks, 

A ( .'K N< ) W L E IXi Ki\:I K NTS 
Tlie writer is grateful to Mr Jj. Saliai, 
M.H.C.V.S., of Tinperia! Vete.rinary Besoaroh 
Institute, iVluktitswar, for confinnation of the dia- 
gnosi.s and also for sup])lying tlie ndVwiuices to th(‘ 
literature on the ineidenci' of avian tub(a’culosi.s in 
dueks and g(*(*se in India and elsinvlnu-i'. The author 


also take.s thi.s opporlnnity to exjiress his thanks to 
Mr Md. A/iz llassan, for his keen inten'st in 1hi,; 
work and al.so to Air K. Jiagliavacliari, for hi.vi 
vSnggestio]i.s in preparing this' article. 
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SELECTED ARTICLE 

A REVIEW (W THE RESPIRATORY DISEASES OF THF IIOlbSR. 

By ..loHN Franci.s, B. Sc., M.R.C.V.S. 

(Ilejirinti'd from 77m Journal of the Roynl Army Veterinary Corp.v, Vol. M, No, I , Novembei' 1942) 


Readino thi' older veterinary a, iithors e.g. Sniitli, 
[1897] ; Law, [1902] . Friedlicrger and Kcbliner, [19().S], 
one is .struck by the scope a,nd aecunicy of their 
elinical and pathohigieal observations. A vast 
ainoutit of researeh, pitrtie.ularly in bh'rinaiiy and 
France, has betui (*arried out on the 7‘espir:d.orv 
di.seases of tin* hoi'se. but most ol' it was done liofore 
tin* diiys of niot.or triinsport : that is, before the 
7netho(ls of researeh into the u'tiology of bacterial 
and vims di.seases Inid be(‘n perfected, and as this 
grouj7 of di.sea.ses is partieuiarly difiicnit to study 
it is not surprising tliat the subject is .still so7nf*- 
wliat confused. Howe\'('r, sifter luiviug paid some 
attention to the question of ]7redisposiiig causes and 
.seconda7'y bacterial invasion, an sittempt will be 
made to a.ssi'ss the evidi'iice lhai. tluM-e sire four 
respiratory tlisea.ses of t.lie horse ea,eli jiriniarily due 
to a specific virus infection. 

It is far fro7u (‘asy to show experimentally that 
adverse environmental conditions will iian.se the 
onsi't of pneumonia, but. alt cliiiieal observi'rs ajypear 
to agree that they are of grea,t import.anee in jireci- 
pitaling attaiiks of equine I'l'spii-atory di.se-a,stxs. 
In a \’ery fiiu' clinical arlicii* on - Pneumonia and 
Pleuri.sy in tin' Horse,' tin* late Sir Fi'ederick Smith 
I 1897! quotes Hniilinu a,s saying (hf‘i.t ‘ want of 
ecmlitiou, ]>lns fasl work, causes e.x]iau,stio7i, aiid, 


then w(> only want cold, clnuigi'abie weather to 
pi'odnce di.sea.-'i's of l.lm lungs.' Smith lielieved ex- 
haustion to be a ■ dij'eet(‘Xeitiiig ’ cause of jmeumotiia, 
especially in young, sofl, .horses, wiierea.'' oldi-r 
horses sei'in to (los.sess a coiiqiai-at ive i7nniimitv 
against .soim* of the ‘ causes or co7u[il.ioiis ' wltic'h 
,so freely emit rilmte to the production of lin* di,sea,.se 
in t.h(‘ young. Smit.ti 7'<-aliz(‘d that tlie feltrile 
attiicks from which nearly all yoiiiig hors(>s suffer 
when fir.st lirought. inl.o stables may lie associated 
with the proci'.'js of aiiipiiring immiinily to the 
‘pneuimmia mierolie.’ Pneinufniia ehii'fiy affects 
.stabled ]io7‘.s(*s and t.lie great ii7q>oriauce of gfiod 
hygienic coii<litio7is is sliown by the fuel tlmt live 
yeai's after the introduction ol ‘ sanitary .scu'iu'c ’ 
into the French Army the annual ineidenee of [hkmi- 
moiiia Imd drop[>ed from lit) to KJ per thousand 
hoi'ses, ami four yea,rs lat.i*r to little iiiorr- t.han 3.', 
per thousand. Long ra,il and sea joiiriievs alsf) 
predispose to ]meUirioiiia. I'oletnan (Principal of 
the Royml Veti'rijiary College, 1791-1.^39) laid great 
<‘.mphasis on tlie import a, ik-i* of well-vmitilated 
stables, but unfm-tuuately he did not disphiv (‘qiiallv 
good judge.7ne.iit on tnaiiv othi'r subject.s. 

.Ii7 pareiithe,s('s, it, nia.y be said t.liat the 7-liiiieu] 
7nethods of exiuuining tfie chest, ami the ' respiratorv 
isound.s,’ de, scribed iy Smith will be of gn'at iiit.efest 
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io iill cliiileituis working \\iLli large domestic animals. 
He found tlie jiltoiunuloscope to be by far the best 
instiiinient as an a, id Ui diiignosis, aiid the extreme 
care with which he condncital his (?xamination.s can 
lie judged from l!io i’act that they were carried out 
at night with sawdtist as bedding to ‘ imsure quietude.’ 
The best typos of modern sb'thoscopes have been 
di'serihed in tin' Lducrl [lb4I]. 

Koch jcifc. hr .Kadyean, ■193<S] fonnd that normal 
horses harboured di])lo-stre])tocuc‘ci (see later) in 
the inisal passages. Jio^’-cr [1919], in an examination 
of th(' nose and month of normal hor.ses, found that 
d ])(‘r cent vrcue carriers of ‘ Bact. Vimmus ’ and 
12 per cent of ‘ B/r. pyor/fnies ’ and ‘ Pseud, ■pyocyanea ’ 
res]'e,etive.ly. Hignett [19'10] isolated group ‘C’ 
stre])tocoeci from the nasal cavity of normal horses. 

There, eait he little douht that one or other of 
a number of bacterial s|)ecies may he present in the 
nasojdiarynx and juodnee disi'iisc W'hen Jio.st resistance 
is lowered. B]) 0 ]'udic cases of pneumonia, nasal 
catarrh or strangles ])rohably arise in this wniy, hut 
severe outbreaks usually oceiir only when laigr* 
mimhers of young horses, or horses which have not 
jjreviously been oxjuDsed to infe(.‘tiou, are brought to 
remount depots or sales yards. The infe(,“tious natiivo. 
of these, outbreaks is ])robably due to a virus ami, 
althougl) the unconqdiciited disease usually junduces 
immunity, all observers agree that in its(di‘ it is 
very mild, and may ])ass inmoticed. Tin* sev(*rity of 
the symptoms and the mortality ])rol)al)ly de])eud, 
therefore, on the virulence of the secondary organisms 
and above all on the cure wliieb is taken of the hoi'ses 
as soon as the ilrst rise of temperature occurs. Tliis 
was fully realized by Fitewygram f J89-1 ], who 
shownul that the ‘ incipient atl.aek ’ could be. most 
readily detected by the use of a clinical thei-inomet.i'r. 
The Koyal Army Veterinary ror])S madt* use of tliis 
fact during the last wiu’, and as a result tlie lo.sses 
from respiratory diseases Averc' greatly n^duced 
[ Edwards, 1935b ], 

Jt Avill be scMiU frcjiu the foregoing summary that 
outbreaks of disease cans(“d by any om* virus may 
dilfer greatly in their severity and also in the clinical 
symptoms jueseiited, and liiLs is juohaldy why 
there is confusion regarding Ihe clinical classifie-a- 
tioii of equine resjuratory diseases ; a confusion which 
was not apparently diminished Ijy the experience, 
of the last war. At that time, liowevej-, knowledge 
of human resjiiratory diseases was in no better state, 
and in 1918.-19 iniiiienza killed l.en to twenty million 
])('Ople 1 (Jeddes-Hmith, 19-11 |. On tin' other liana, 
it is well known lliai Iniman ’ inlliienza ’ may he a 
very mild disease, and the only satisfactory inethoil 
of classification i.s on an mtiological basis. (Con- 
siderable jjrogrc'ss has already been made in this 
direction [Francis, T., 1941|. Oiir knowledge, of 
t-quine n^spiratory di.s('ase.s will jirohably only become 
clarified when they can be ciassilied on an mtiologiiial 


basis, and it can be defuiitely aseewtained that a 
given outbreak of disease is due (o a, certain ‘ virus 

EqUINK INFJ.UENZA 

(Pink eye, influenza ('.atanhalis, (yplioid fevein 
]:)ferdestau])e) 

‘ Malignant <q>iriemics ’ whicli ocenrrod a bon! 181,5 
and the stringent methods wdiiih were employt-l In 
control them have bt'en described by Yfiiiatt [ 183! |. 
Three' out of five horses which were atiaelci'd Uit'd, 
and the clinical symptoms indicate that the disease 
was a severe form of equine influenza, fie af'^'o 
describes ef[nine influenza, as it exi,«ted in this country 
during the latter pari of the nineteenth century. 
Law [ 1902 ] has doscrihi'.d in great detail the e])izont:ic 
whicli jiaraiyzod horse transport in the (J.S.A. iii 
1872-73. Williams [1921] discn.s.sf'd other early 
epidemics and, al.so describe<I a. soveia* outhnsik in 
India in whicii the mortality in ino.st grou])s of hoT.ais 
varied from 1 to 10 per cent hut warn (u-easiomiHy as 
high as 20 per cent. Ihjuim’ iidiiienza caused s(M'ions 
inconveiuonco and io.ss during tlie last wa.r j Tod,d 
and Koiitar 193S ; IJdall, 1938; Anon,, 1911], ami 
it is still 1‘airly prevalenl in India. 

Equine inlluenza aiul contagions ])emnnoniii wawi' 
confused by the ciU'h' workers. The (•.onfiisiuii tliat 
existed in the Army Vfbn’inaiy service, s was describf'd 
))y M’ Eadyean j 1889 |, Tlie Iwo discase.s had, 
however, lieeii (fcsirly ilil'I'ereiitiated by Ealkc, 18(')2 
I see Pried, herger .and PWlhm'r, 19()8 ]. Tin* position 
W'us again conrnsed liy t.lie work of Ijigiiiers | st>c 
Nocard and IjcdidiiclK*, 1903 j, who c]a,iirh'd that 
both disoa.ses wen* primarily dui* to [>a,stenri*li;i 
organisms. Ijem(*lmans [ l‘.)2l ] also (list.ing'uishcd 
clearly hetw'O.en the f.wo tUsease-:, l)Ut emphasized 
that e({niue contagious pneumonia. c!os(*ly resemhh'd 
luuuuu influenza. 'I'lii.s similarity lias also bc'eii 
de.scrilied by Edwards j 1935;! ]. it is felt, houe'.-cr, 
that no changi* should ht* made in llu* nomeiielatui'e 
of tin* equine diseases. 

The (finical manifestations of inlhn*iiza vary 
considerably, and d(*taile(l descrijilions have |)(*(*n 
given )>y L<‘nv [1902], Priedhergm- and Fi'ohner 
[ 1908]. A (fiaraeteristie fcatiire is tin* marked 
prostiution, ;xnd museulur and eardiac weakness 
during the (*arly febrile .‘-'tiig(*. Tlie temperature 
curve is rninfi more erratic than in eijuim* ptn*uin()nia. 
There is usually a harsh cough, the min'i u-^ mem- 
hranccs are reddi'iied and tln're ma,y be soim* 
na.sal diseliarge. Tin* conjuinf iva a.ssunn‘S a det'p 
red to mahoga.iiy colon)', the e-yelids are u.‘-uallv 
swollen and o’dematams. Tin* disea.se may not 
])rogr(*ss b(*yond this stage and the moHaiity is 
tlum very low, hut under .advi'i'se eoinlitions swi'liing.s 
are ofi,en seen in t.he suheuianeons tissmrs of tin* 
limlis and .secoiuliiry intestimil or ptieuniouic 
synqfloms (.levehq) ; laiw [ 1902 1 .sta,fe:* ilial in 
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raihva} founu'yN tljc luoitalii.y nut} be lOO pt^r 
H wotihi iip]K'ur that the iiifluoiiiia vini.s aaii 
atiark any of llu* lH)dy tissues: there is ahvays 
iiilesl inal in1i;na:ition, and P’'ri('(l})ero’(‘r and Frdhn'er 
! U)()S I stale t.liat llie. })rineipal elian.iJ'es are in th(‘ 
utynii,> of (liurstioii. Apart fruin l,]ie virtitenee of the 
\iius the l}pe ulAijhserise ilepinals eni ennitiiiirieidal 

e..ii(liiiuHs. manage) ami ttn tlie species fiC t In- 

I.Ki,el,eriai invaders. 

li'eseaa'eh work on trie telioluyv of indurniza his 
Ixsai leview.si l.\ Kdwanis | !!):', Aa, \ and iiv Todd 
ami Nuiiler | Jit.HdJ. ft is a liialily inreetious virus 
dise.ase and may lie set up hy i,h(‘ suheiitarn'oiis 
iiineuhdioii of infected hloo<] j tin's fael. has lioeli 
confirmed hy JJaie ami Dollahite, lOd!) j or hy dirrad, 
or indirect contact. Saliva may he infective for at 
least eiaht months after reco\-ery a, ml it lia.s heeti 
reported that a stallion transinittml infection liy 
eoitii.s for a period of six years. One .attack of the 
diseii.se eonfers a lony-last ing immimity, hiii animals 
remain susrefitilih' to eipiim* contagions pmainioiiia. 

hit.tle attention has l)(‘en paid to i,lie pi-ohiem of 
.secondary haeterial invasion in etpiine iidlneny.a. 
it is proliahha however, tliat in the pmminonii' form 
.streptococci and periiups aJ.so .sta phyloeoeei invade 
the lungs, whilst tin' good results obtained hv Marshal 
and Lee [_ (;it. Ld.all, Itr.jS j following the use ul‘ 
l>a.steurej!a hioJoghad products .suggest that this 
organhsm may atso he of patliolouiea.1 importance. 
Krag and Tiedge jlOtkS] i.solafed N. enfrrlfidis] 
Barf. ri.sco,s‘irni ripn and C. iH phfhrria from I lie organs 
oj‘ horses alleeted with ‘ malignant strangles. ‘ '^iiu I 
it is possible that the.se organisms are of importance 
in llie intestinal form of eipiim; inHutm/.a.. 

hh,n’[.\K ('(i.NT.vonnrs j’moii.mo.xi.v 

(luliiienza peetora lis, ('onja.gi()n.s plenropmnimotiia. 
hrustseiK-lie.) 

The hum iucuhafiou period (i.j) to tliirty da vs), 
irregular spnsid, lack of suhcntancous swellings or 
mark<‘<l d.epre,ssiou.s during the earlv f<‘hrih' .stim.- 
ami Ihe^ n'gu].;,' tenijieral ure curve are ,sa,id ro 
iHnermitiate this di.sea.se from eipiine iiitliieiiza. 
There is otteii a yellowish d.i.sc‘harge from the uo.se 
which -is pathogaomouk' : a dry. niisky cough niav 
he lu'ard. Fried lierger and Frdinier | L)()S j and 
Bmnelmaiis j l',)2! ] Imtii slali' t hat there is intestinal 
iijHamation, hut manifest symptoms of intestinal 
ih'.sea.se are raiv. Following the i'all of the primary 
h'ver and parlieuiarly if the animal is worlviai, 
varying aegri'es of juuMinionia a.ml pJeiirisv mav 
(h'vi'k'p. d'he mortality may he irs high a.s'2n per 
ceui.. and for many yimrs jlie disea.si* ’ has ca.u.sed 
.lermuK lo.sses among.st .\i'my horses; llie period of l.lu' 
ki'^t war was no exei-ption jUdall, i!)3.S ]. 

Tiie re.search work wliicli estahJislu'd’ the mtiuJogy 
of i.his(iisi>a,s(> has hi'cn reviewed hy Fdwardsl I'.kXia’l 
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and again hv M'Fmiyeim [' DAS j. ^ The disease 
luistvvo eau.scs vvhicli act .scjiarately and are re.spoii- 
sible for different .stages in Uie illness and cliffenmt 
le.sions., .The varus is tlu> veritalih' cause in tne sense 
that it is ivspcnsihh' for tlu' spivad of the di.sease . . 
Law I li)()2 j ucI.m! that mullu'r SchiiD nor Ligiiiiue.s 
had sh.iwii the experimenl.d diseases pmdiiced by 
them, loilow iiig the inoeula l ion of hactena. In lie 
( mil .'Igioiis and tliei'tdore did nol. aeeepi their ie|;t.i.fu 
lo have discovered I tie true eailsc of ptieumniia or 
mljnem;a.. (lalfkyand laihm [ LUO 12, cit iOdwaoT., 
IhAjii, I .showed I, hat ihis dis<‘ase was caiiied hv'" a 
\'iru.'i which could rndv h«‘ found in I, lie lungs imd ai 
an early singe of the di.sea.se. After the" pnmary 
rise ol temperature ilie viru.s disappt-irs froju (he 
lungs a.ud i.lie horse may reisivei- wiilioui iitiv' vu*rv 
olndous .signs of the disease. On tlie other' hatid', 
jiartieuliirly i( ilie Imrse is wairkeil, haeleria luav' 
invade the luugsand a .seimudarv rise in leinperdiire 
wil.li typical [uumuioiiia will oemir. 1( will lie .seen 
l-liai. t.liis Work <i.u1.i('i|)a.ted tiui resea. relies on hiiniau 
iiilliieim.i. by manv years, ano this was prohahiv (.he 
tirsl. respiratory di.sease in which a ‘ dual eau.s.i'iion ’ 
was di.scov'eivd. Infection can only lie tninsmiOed 
by direct, contact oi- by rubbing liing ti.ssuc from a 
horse in the early sia.ges of ilie di.seirsi' on to the na.snl 
or bucc.-d muco.sH, and even then thi', incubation 
period may be as long jw d9 days. Thi.s may 

(‘.xplain why the dis<>ii.se lurs been considered 

to lie^ non-infections by some cliuicid observm'.s, 
nicliiding Bmitli ( 1S5)7 J, ultliongli the course of tlu' 
di.sease tts de.seribed by him sn.gge^ts that he w•.i.^ 
(lea, ling wuth bni.stsenche. Fmser |. DdS I has de.s- 
ei'ibed what was firobably an ontbivak of lids disi*a.s(‘ 
amLstati'sthat.streiitoem'-cai vuiadnes were valualije in 
rednenig mortality. The experiments of Liilirs j 1 1)2.'^, 
eit lOdward.s, DAla] showeii (Imt aiiimafs which 
had re(-eiv'e,d v'irnlimt Jniig tissue siibcnj.aneously 
Wiu-e insist ant to infection by intraua.sal or iiilrnbimc.-d 
rubbing ol infective broneliial tiincns vvdiioh almost 
mvanably produced di.sease iji (arntrol aiiin'ui].s. 

The question of .secondary bacterial inva.siou is 
.somtnvhat coufiisod. M’Fadyeaii ) 1938 | assumed 
timt the orgaiii,sm.s isolated by Schutz [ l.S87]and 
usecl ju his attempts to prodime bru.st,seuche wun-e 
typical .streptococci. This appears to be in(3urrecf, 
lor an (‘xtumnation of the original article shows I, Imt 
the organism was a gram-negativm bacicrium which 
often occurred in pair and was u.sually encapsulat ‘d. 
hnedherger ami Frdhuer j Ii)()S j alsii state that the 
di[i)o-baei(M‘iu ’ of Bchiif.z are gra.m-negativ(‘ ft 
can be- conciudeo with rea„somtble cert-ainty '(,],at. 
thc.se were not pa.sieurella orgaui.sm.s. .Noca'rd a.ml 
LeciaincJu.' I, IDO.'IJ say that a.ItJmugli the onmnism 
was ongmally described a.s grani-ne.'gutive,, it'ls „nw 
known to be gram-posiiiv.*. This eaimoi. be 
accepted, howevwr, htma-use ].i,^ article mi .stramdes 
I iSchiitz, 188SJ makes it quil.e c]('a.r |,ha,t he, 'was 
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nlreuflv ( perfoctly famlUar witli 'die fitre])io- 

coeei. ' Osteria^; [1908, cid Mitsehedieh, 1941] 
also isoiaiofl gram-negative ' dijilo-wtw'.ptoeocoi ’ 
from tile lungs of lionses afleeted Avith briistsenclie. 
It can he (loucluded from the work of Mitscherlich 
I 19^! ], whu'h will lx; diseiissed later, that there is 
a gram-negative dijilo-streptoeoeeus wiiieh is putlio- 
geuie lor the horse and whi(;h in sonn* ways resenilih‘S 
a, true st,re|i1ooooens. It grows iiest in a. nnnliiim 
emituiiiing blood or serum. On Idood agar plates 
dry jjiii-[K)int colonies siirrounded by liieinolytie 
v;oin‘S an‘ produced, atn] a fioe.culent. deposit, h'aving 
a clear su[)crna.tani Iluid, is formed in 1 fier emit 
serum broth, (.'nnlimied cnlliviitiou is dillioult and 
cultiii'es iisindly die out. It is not. fiathogenic for 
guinea-pigs, ljur, usually kills mice in from one to 
five da,ys, and necrotic fccci were sometimi's observed 
in tin' liver, ft would appear that this orgauhsm 
ha,s .scA^eral poini-s of resemblance to tin' Neisseria, 
group of organisms, wliieli iiieludes the meningo- 
ooc.cu.s and gonococcus, us described bv Topics' and 
Wilson [ 193f) J. 

Despite the foregoing di.se, ussion, stri'piocotad 
were tlu' ultimate eause of the pmuimonia, in tlu' 
■series of cases voportM by M'Fadyis'in [ 1938], ;itid 
recent Avork in this country and a,l)road iia,s <;Ieai'ly 
demonstrated the important }iurt played by group 
‘ 0 ’ .streptooocci in respiratory and otlun diseases 
of tlie horse. ]jigniere’.s conclusions that pastourella 
organisms were the primary mi, use. ol' eipiine 
contagious pnciiinonia has already Ihuui mentioned. 
Weld) [ 1909] isolated pure e,iilture„s of past.eurella 
organisms from the lung.s of horses a.nd dotdce.ys 
dying' from piieunionia, luit the eliiiicid hi'<tory ol' 
the outbreaks sugge.sts tliat, the virus of e(nita,giuus 
equine pneninouia aaui,s the primary lotiohgical a, gent. 
The extensiAu* re.scarches of Heiindmans [ 1931 | 
indicate that, whilst ])ii.stenreltii organisms may bi' 
isolated from easo.s of infectif)us jineiimonia, iliplo- 
streptococci, .Htaphylocficci or ])SfMido-])yocyaii(>a a,r(> 
found mure frequently. 

It appeals that under varying conditions of time 
and place any of the aliove organisms ma,y c.oinjilicate 
the vims infection of contagious pneumonia. It is 
therefore not surprising that there was great con- 
fusion at a time Avhen bacterial classification had nof, 
been staiulardked, and in the early accounts it is 
difficult to decide with uiiy certainty which orgaiii.sm 
is actually being describeii. * 

Iisii.'BCT[on,s <’A'r,.\Ruri 

(Rquine infectious brouc.liit.is, epizootic laivyngctraeheites. 
epizootic cougli, Hoppegarte cougli, Brns.sels disi'ase. 
skalnni) 

Waldmaiiu and Kobo [193()] described a, highly 
infectious virus oisease (diaracterized clinically by 
a dry, strong cough as its chief .symptom,' and 


pathologically by le.sions of broiudiitis and iieri- 
bronchitis, Jii hor.sc-s Inqit iimh'r good c.oiiditioiis 
the disease usually ran its course as a, ]>ure virus 
infection, but Avhen the preliminary .synijil.om.s wnrr 
overlooked, and animals Avinn. not s])ecia.lly (au-iMi 
for, serious complication.s, sijcli a„s hronclio-pnen- 
iiionia and jihmrisy, (xs'iirnsi. due t.e inva.si()n of the 
lungs liy sf reptococ(M, sonicf ime.s follnwcd b\' dealli. 
tior.ses were infected by I he iiil ra.iia-iii I inoculation 
of lung fill. ra.i.(es and f Ik* <li,sca.s<* wa.s also trail, -.mil, i cd 
to pigs a, ml ca.tt.le. ({.(‘covertsi animals slansed ai 
least a. pa,ri,iai imniiinity. npr<‘,scii | 19 .‘J 8 j dcs 
cribe.d a. simihir ilisi'-asc Avhicli could In* Iraii.s 
iiiitted by .tlu*. subcuf.ancoii.s ituu'ulal ion of 
lilood. 

(t is probable that infei'iicms cata.ri‘]i is .similar 
to the condition known lo the oldt>r (Icnnan writers 
as skalma, and a.])pareiitlv various tyix's of the 
condition are now pri'valeiif. ammig.st (lerman army 
horses. iViifcsclu'rlii'ii [ 1911] sliidied an oiitbri'ak 
alleeting 171) out of 2-l(l liorses. lie ,sta,t,e,s tliaf. ihi.s 
disi'ase can be differi'nl iated from; 

(1) Strangles by tbe {ire.sence of [uinileiil nasal 
ca,(,a.rrh and tlu* infretpiency of Ivmph-node swellings 
and ali.sces.s forma, tion. 

(3) I>ru.sf„s(‘ue]ie : in t.liis disease tlu'i'e i,s a 
longer ineuba.tion period, a mon* prolotigeil fever 
and usually a rei'-browii nasal dis(!tia,rge, and dull 
ar<>a,s in the lungs. At aulojisy t.lu're is a .serious 
effusion a.iid a. thick lilirinous deposit on the pleura, 
which is not seen in r(*..<pinitorv ea.fatTli. 

(3) liilinen/a, in which fliere is a, marked morning 
reco.ssion of the fever, sAA'eliing of the c-ntijiinetiA'a, 
(I'dema of t.he breast and. intestinal cata,i’rli. 

l>luod taken during the IV.hrile .stagi* jiroductal the 
di.sea.se Avhen iiioenla,teil intravt*iu)usly into another 
hor.se, but both tlie early serous and the latt.er 
' gri'y-wliite ' iia.sal discharge failed, to cause the 
disf'aso wiie.u introduced into the nasal cavity of a. 
horse. .Sta]>liyloco(!ci were isfilati'd from the .scrou.s 
nasal ilischarge, lint vvlu'ii ouei* it ha,s a,s,sumed tin* 
cliaraetcristic grey-whife colour graiii-iiegaf i vi- diplo- 
stri'ptncocci wen* found in a, bout, bo p(*r cent of tin* 
examinations. This organism Avas a, Iso isolated 
from the lungs of four Iior.se.s which died, of brouclio- 
])neuuioiiia. /Dc///w f/bortifs pqui was also Isolated 
from one of the cas'\s and staphylococci from (*aoh ol' 
the others. A pure c.iiltuo* of t.iu* gram-uegative 
di[)lo-.stre[it,oeoecii,s produced piindcilt, ihinitis in a 
horse vdiich nad just recovered i'rom a simph* \'irus 
infection. It was c(mcli!(lcd tliat this orginiisin, the 
chief characteri.st.ics of w!ii(‘h ha.ve a,ln>ady bet>n 
de.scribed, wa,.s tlie most impoii.a,nt .viconda.ry bacterial 
invader a,nd that if, is probably similai* to an org.-oiisni 
i.solati'il by 1,lu' I'arly workrrs from eases of, 
bnistseuelu*. Tra.ub | 1911 j isolated group “ (J ’ 
and iSe(*le,maii [ 1911 | groups • (' ' and ' I) ‘ slrep- 
ioeoeci from ca.s('s of (,liis disease. 







anfi. Tr:iult j !(i41 | nave: niiuK* y, {•ararui 
sliidy <'t‘ r(‘Sj)ira1ory <'(i,iarrit aii<i in ••aiicral thoir 
fin<lin,irs af(n>('(l witli tliosa nf Waldmanu and Kuba 
I I : tin'v liowavar, nnablt; to traii.sinit 

llu* (lisf'a.sa i(» r:if I ic, ((>rrct,s, wliit.a mice or ])iga, or l-o 
|)ro|iit,!.'alf il. ill ji.'isiio onlluro. 

jaizcly and Itadia | I'JlO j havo doHcrihod a disoasa 
wliicli rapidly rcacliad cpidoniic proportion whan 
nniniifra of horses were hronglit into olosi* (U}nta,(‘.t 
for more, i lian hm days. \'arion.s fovnus of tlio 
disoasi' were o]w(‘r\-(‘<i, hut tlioy wore jfrouped under 
tlm |.>'(*nm'a,l tcnii ' r(‘spira.<,orv oa.ta.rrh The 
aidJions a,])pan‘ntly itelievod the distamc to l.)0 duo to 
gniUf) * (.' ’ Inmnolytio stroptoooiau, but iiorses that 
liad jiassod thrnnah an o{)i<lonnc wore inimuuo to 
suhsocjuo.nt oxposuiv, and it is quite* po.saihh?. tliat 
the condition was similar to the disoa-se* doserihod 
by Waldniann and Keihc' and m'hs jirinnu'ily due to 
virus iidectioii. WaJker [Iddr)] lm.s described a 
highly inIVefitius epidemic, of coughing amongst 
horses in (Iri'al. Hrilaiii. 

Pulh'S 1 Ill'll I ami llexroth j Ill'll ] state that tin* 
intravenous injeetion of ‘ Thoromangaoj ' an iotlino- 
t.horiuin-ma.ngam*se eompoumi. is valmilili* in the 
treatment of infeeiiotis ealarrii. 


tSTUvNoni'is 

The ineieiom-e and se*verit.y of strangh*s vary in 
diflerent parts of tin* world. It is a st*rious disease 
in the r<*mount. <lepot,s iji India.. Arnold | llkH [ has 
deserilied the disease in tha,t euuntry a.nd tin.* methods 
of ])ro}>hyla.xis and trc'at ment, which are. (‘luployed. 
Following a, 'jirimary inllammailon of the upper 
Tes])ira.t.o]'y tract an inflammation of tin* sub- 
maxillary lymph -mdes d(!V(*lops whiili is not neces- 
sarily followed by abscess forma, lion, fhis taken 
during the earliest stages of tin* disease contains no 
miero-orgnnism. 

Wooldridge j Iddd j mentions that a virus may be 
the primary eause of strangles, but most writers 
appear to accept the vi(*w that it is ea.ns(*(l by Sir. 
£(jui. Bazely ami Battk*, [ llMO ] say: ‘ We have. 
found no suggestion of a virus in this disease, and, 
judging from the ri'gidarity by which Sir. ci/iii, occurs, 
none n])p(*ars to be needed j'or an Jidecjuate. letiology ’. 
The fact that Sir. ('.r/ui but not the other tyjies of 
group strc'])t()eoeci usually associated with 

oqiiiue <Uyense, cau nearly always la* isolat(*d from 
unruptured matured abscesses lemls support to this 
view, but the conchision that Sir. ('({id is the sole 
cause of strangles ciiunoi. (unnly be accepbal on 
e])idcmiologica.l grounds. 

.It is W('ll known that stra.ugles is a, disease of 
young hors(*s and a life-long immunity is usually 
produc<'d. it> is notoriously diiHcult to produce 
imniuuity aga.inst streptococci and success lias not 
been attained by the use of stroptocoix'al vaccines 


to prevent .strangles [. Edward.s, 1935]. Tim highly 
inbM*tl()us nature of the disease and tiie fact that a 
strong immunity is usually established su.gge,st that 
it is primarily caused hy a virus. .Bazo.ly and Battle 
state that their work was ‘ conducted in a lalioratory 
yidiich for the past two and a half yi'.ars had coiieeniod 
itself exclusively with the study of luemolyjiie strepto- 
cocci, ’ and we cau only condude that no attempt 
was made to isolate a virus. 

(.iliuical observation and experiments led Arnold 
[ 1933 ] to conclude that strangles is primarily due to 
a virus which produces febrile reactions only; a 
secondary iiiva.sion by streptococci produce, s all the 
recognized manifestations of the disease. The virus 
is responsible for the liigli infectivity and a benign 
uncomplicated virus infection is sometimes observed. 
On the other hand, ,s])oradic cases may be due to 
bacteria only. The virus disease can bo produced 
by the intra-tracheal inoculation of filtered strangles 
pus and this leaves tlic uiiimal solidly immune 
to suhseqiu'nt infection. A formalized filtrate 
l>ruduced only slight immunity. 

V'an Dorsseu [11)39] concluded that ‘ 1)emgii 
stra,ugh;s ’ \va,s ca,u.so(l solely hy Sir. €([1(1 Richters 
[ 1935] i.solatcd true diphtheria bacilli from the 
unopemul lymph-nodes and na,sal discharge of some 
liorses affected witli maligiuuit strangles ; injectious 
of these organisms into susceptible liorses produced in- 
flammation of the ruusopliaryngeal mucosa and severe 
gastro-enteritis. He conchide..s, however, that neither 
the.se organisms nor streptococci are the primary 
cause of .strangles, but tliat it i.s due to a sjiecific virus. . 
It lias not been possible to find any subsequent 
publication of Richters’ substantiating this view, 
but Beller and Traiib [ 1941 ] and Rexroth [ 1941 ] 
reached the same conclii.sion. Law- [1902] noted 
that, although horses inoculated with strangles 
.strejitococci developed* absce.sses, there wa.s no 
evidence that the disease produced was contagious, 
but taken a.s a whole the evidence suggesting that a 
v'irus is the primary cetiologioal agent in this disea, se 
is not perhap.s so strong as in those already de.soribed. 

It lias already been mentioned that Krage and 
Tiedge [ 1938] Isolated iS. enteritides, Bact. mscosmn 
e(fui hind C. (Uptheria from the organs of horses 
affected with malignant strangles. 

Lks.ions in nervous and other tissues 

The conditions described in this review are usually 
accepted as being respiratory di.sea.ses, but one, camiot 
help remarking that the primary viru.s infection often 
exhibits all the features of a generalized di.seasc. 
There may be marked impairment of kidney and 
liver function, and the predilection of the influenza 
virus for the intestine is well known. Traub [ lO'l l J 
and Rexroth [1941 ] noted pustular and exautlieina- 
tous lesions diiriiig the course of infectious catarrh, 
and in an exhaustive clinical study Steffan [ 1941 ] 
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fleinoiiKtnitod pariiul or (•oiti})l(‘te anricnlar-ventri- 
( ular lieart blui'k. 

The nervous inui ]tsyeluo OLsturbaiiceH wliicli 
may occur {luriny’ t.lu.' course of n'Mjiiratory (.Uscasew 
liave heen uui.od by most; autliors. Beme1uian.s 
[1921] uttriiuited many of flic ])rima.iy Jiae.a.sc 
symptoniR to nervous deriuie'ctueiij;, and Stelfan. 
[19-11] lias luadi' a. special ,s1;udy of t,lie subject;. 
The.ro cun be liltlo doubt t;ha,t‘; fliero is a rolHiiomship 
hfitweeii the uenra.l dainuye causi'd, and the Bubsc- 
queut onset of roiu'in^f, striiiyhalfc and tlm other 
nervous a,ffc.ctious of the horse. Eblierbeck’s [ J 9-1.0 j 
pathological investigations have provided niucb 


evidence in support of tbi.s view, but it is probable 
that nutrition [’MitciieJi, 1936] and heriditary 
disposition also play their [lart. 

.IJISOUSSION 

The four respiratory disea, si^.s have been de,s<;i’ihcd 
as thoiigh they were separate entities, ami sonu', of 
their main features are summarixm'l in Table f, l.mt 
it niuist be admitted that, whilst the typical diseases -4 
can be, recognized, there are many (mtbreaks which 
even exjierieuced workers arc unable to clas-sify 
[Theilor, 1918], 


Table I 



Ocmtiisious 

pncuiuoiiiit, 

.lutlucnza 

Infectious 

respiratory 

catarrh 

Strangle.^ 

Incubation pei'iutl 

Lome up to .ni . 

Short . . . . 

Sliort . . . 

Sliort. 

Infcrfclvity 

J;i)n’, only by direct coiilact. 
Spread is iri(‘v;iil!U' iind Uic, 
duratioit ol tin outbrouk in i 
.1 protii, Ilf lii’i'sc. i, mncii 
liiiipcr Ilian villi lint otbci 
lliHfiiiStiS. 

llipli, by (lirtml, and iuilirecfc 

1 ooiitact. May assume very 
nevfire epiilemid iiropor- 
tionw. 

High, liy direct and imjiroct 
contact. 

High, liy direct and 
liuliroct contiict. 

SyKiptouB 

I’l'iUitiry li-vta' willi fc'fiilar 
Icuipci-alufc. ciu-vo limy 
p.'vsi alir.d.st uiiiioliccii, 
i*iii‘iuoi>i)ia iii.'ty till'll 
ik'iclop, accirliip.’Diicd liy 
a f(eci.iiii.!iiry rise of 
tcinpcnilnrc. ,\ jcllnw 

iliM-iiarKc Ironi t.hci none is 
s.iid (ii be }jatb(>;;oiuoiiic. 

I’linmiy fever with larger 
dhiriial varhitioiis of 

tomperatm'i! marked de- 
lii'cssion, eardiao and 
niii.sciilin- weakness. 

Itetideniiig of mucous 
iiieinbranes tuiil swelling 
Ilf snlieiita, neons ti.ssuo.s. 

, Severe, iiitiwtiiial, or less 
oft;f;ii resiiii'fitory involve- 
incnt; may lollow. 

I'cver, piu'ulent rhinitiH, 
coughing and occa.siuiial* 
ly swening of the sub- 
maxillary lymphnodtw, 

I’neuinoiiiti may ocinir 
under adverse conditioiiH. 

Kevor. early rliinilN 
•Ibllowcil Ity marked 
Mwelliiig and often 
abscess formation of 
llie mib-maxlllnry 

iymjihnodes, I’netj- 

monia nmy occur 
under adx'crsc condl- 
Motts, 

Action of iieoFalvarsan 

Ettf;i.'t,ivc , . . 

Not effective 

Not oircclhc 

I’rchumnbly not 

eUcetivc, 

1 

Mortality 

Hiii'licr Mian in tlie othcir 
i.inca,‘'cs lo-ao per cent. 

Usually low 

r,o\v . . . . i 

j Usually low. 


It would appear that infectious ])neiiiaouia can be 
differentiated from the other disease, s By its longer 
incubation period ami lower iidectivity ; the clijiieal 
observation tlsat tlune is no cross-immunity Ix'tween 
infectious pneumonia and iuiiuouza supports this 
view. Bemelmans [ 1932 ] wrote a long review 
comparing liuniau influenza, brustsenche and canine 
distemper. Many of his views can no longer Ix^ 
accepted, but the review is valimble in tiiat there 
are 3-15 references to the older literature. Luhrs 
[ 1933 ] coinraented on Mmieinians' article. They 
both ag.reed that brnstseqche and influenza were 
.distinct diseases, bid, it is [irobable that Bemelmans 
[ 1933 1 described infectious catarrh as ‘ abortive 
brustsenche, ’ and other wrii;ers have stated that 
outbreaks of catarrli predisjiose to brustsenche. 
liiihrs [19o.3], however, is quite didinite that they 
are separate diseases: the whole course of an out- 


break of infectious catarrh is much shorter and 
neosalvarsaii exerts no therapeutic action. 

Discussing strangles, Pcwcival [ 1834] said: ‘I 
now begin to doubt wlu'ther any tumour or abscess 

at all is absolutely necessary I believe most 

horses to liav(i sooner or later in sfrmifjles fci'er ; 

hut 1 doubt that ('vervone that has tiiat fever has 
it deimmstrated or aeeompanietl by local tumour or 

abscess Of tin* many young tlirec to four 

year-old horses wliieh have in the course of years 
passed under my medicai superintendamxq i should -i 
say that not have abovt^ one in four of them luid. 
undergone regular strangles, though very many of 

them ab one time or the other hud sickemul 

Let other veterinarians turn their attention to thes('. 
intere.st;ing points ; we shall then probab[y, ere 
many years pass over mir heads, elicit some curious 
if not valuable addition lo our prr'sent stoe,k of 
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knowledge on the subject \ Fillers and others (1934) 
also discussed the difficulty of differentiating strangles 
from the various catarrhal alfections of horses, 

Beller and Traub [ 1941 ] noted that strangles 
and infectious catanh might occur together in the 
same horse and after a very careful study put 
forward the interesting suggestion that they are 
both primarily <iue to the same virus and that th(‘ 
different sym[)t(ims are due to different secondary 
invadi'i's or pri'disposition of ilie horse, Rexroth 
[' 1941 ] as a result of clinical and pathological 
investigations, snp]>orted this view, 

Liihrs [ 1933], whilst admitting that no one can 
mistake true ejrideinic equine inffueiiza, states that 
there are many outbreaks of disease, which one cannot 
easily classify, and Law [ 1902], \yho was obviously 
familiar with the epidemic disease, says that in 
the slighter cases tne lesions are often confinea to 
the anterior jiart of tlie respiratory organs which are 
congested and red, the lesions may extend to the 
bronchi, Iji liuman medicine there are similar 
differeiKtes ))etween epidemic and spora<lic influenza, 
and, although in some outbreaks influenza ‘ A ’ or 
‘ B ’ virus can be identified, in otlier clinically identic-al 
outbreaks no virus can be isolated. 

It would appear that, whilst the main clinical 
tmtities — strangles, infectious catarrh and influenza 
— can be recognized, we still do not know whetlier 
they are caused by closely allied or distinct viruses. 

SlIMMAllY AKD CONCLUSIONS 

An attempt has been made to a.ssess the evidenc.o 
concerning the setiology of the equine respiratory 
diseases, and it is tentatively concluded that con- 
tagious jineumcnia is a distinct entity primarily 
due to a virus. There is no doubt that viruse.s aiv 
also responsible for outbreaks of infectious catarrli 
and influenza, and probably also of sfcrangles. 

It appears ])Ossible that strangles and infectious 
catarrh are both primarily duo to the sann- or a 
similar virus, and there is no evidence which proves 
beyond doubt tnat the virus of influenza is distinct. 

In any of the aliove disease.s the uncomplicated 
virus infection may pass almost unnoticed, although 
producing immunity to subsequent infection. 
Climatic conditions and methods of management, 
however, have a great influence on the course of the 
disease ; under adverse circumstances, a variety of 
bacteria may ])rodac(‘ serious conqilicatious, and 
there is little doubt that iudivifhial animals may 
develop more or less c-haractcristic symptoms when 
suffering from a simple bacterial infection. 

The results rejjorted by Stablefortli [ 1939 ], 
Hignctt [ 1940], Higuett and King [ 1940], as well 
as other workers aliroad, has demonstrated the value 
of the sulphonainide group of drugs in the treatment 
of pneumonia. The apparent .specific action of 
neosalvarsan and the sulphonaraide group caunot, 


however, be nocejitod us evideiice that bacteria are 
the primary totiological ugeiits, Mtffdiods of im- 
munization, if they could he evolved, might he 
effective and economical. 

During tlie last great war it would appear that 
research was carried out by a few entlinsiusts, ])iit 
Edwards [ 193rd) ] has saifl lliat Ihe iic.mI for a trained 
research cadre atfachcfl io iIk' R.A.V.C, was ap- 
parently not U'ulized until tlie end, and it Jicver came 
into being; a great ufiport unity to investigate the 
respiratory disease of the liorse was lost. 

Knowledge conc<*rning tin* viruses, luemolytic 
streptococci, metliods of dryi'ng and j)r(‘serviiig 
biological materials, and the tc'chnique. of investi- 
gating respiratojy diseases Inis groiitl}' inqiroved 
since the last war. It i.s also felt that one of the, 
three methods wliudi have been used to jirepare 
swine-fever vaccine [see Francis, J. 1941], two of 
ivdiich liave also been successfully used in the control 
of rinderpest, miglit very well lie adapted particularly 
for the preparation of an t'quine influenza, vaccine. 
In this disease, and jjossibly also in infectious 
catarrh, virus is kuovn io cinmlate iu the blood. 
It af)])<'ars, thcroforo. iliat if the. need arose, and 
the necessary facilities were grant'd, an efficient 
rosi'arch cadre workii]gin conjunction with clinicians 
could do niiK'h to clarify our knowledge of equine 
respiratory diseases and ]iassibly evolve methods of 
sjiecific immunization. One gains the impression 
that the clinical and pathological investigations 
which are, be.iug carried out by the Oerman Army 
veterinary services are of a high standard. It is 
pleasing to note. [ .i,A,\'.M.A. 9.S : 2r)4. j that progress 
is being made, at tin; IJ..S. Army Veterinary Corixs 
Laboratory, Front Royal, in the study of various 
res[)iratovy diseases oi‘ the lioi'se and that vaccines 
against influenza and straiigle.-i an' being developed. 

I am indebted to Dr J. T. Edw.irds for assistance 
in the pre[)urtitioJi of this article. 1 sliould also 
like to thank the stin'f of tlie Imperial Bureau of 
Animal ITealtli and the library at Weybridge. for 
assistance in obtaining references and literature, 
and Lieut enant-Colonel R. H. Knowles for permis- 
sion to use, the lihrary at the R.A.V.C. Laboratory# 
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ABSTRACTS 

Some peculiarities of ruminant nutrition. Haeou) Gos.s (IMS). Nutrition Ahslmcts anti lin-imes 12 

Thk_ author ill pointing out the peculiiirities of ruminant the diet. The miorofiora can also convisl non-protein 
nutrition has .shown th:it micro-flora in the rumen can (a) nitrogenoms substances, such its urea and ammoniiiin salts, 
make complex carbohydrates of feeds avail, able by splitting into bacterial protein which later undergoes noiariiil fiige.s- 
fchem up into simpler products, (i) .synthesize vitamin B tion in the true .stomach. 

complex and vitamin K, whidi arc therefore not required Although rumin.ants gimerallv lii'c on hulkv foods, they 
to be supplied in the food. Yitiimins like A and D which can be m.aintained on an e.vchisivi' dictio-y lif'eonccntral.e.s- 
are not synthesized are, however, required to be supplied in [N.K.] 



Absteacts 


The occurrence of haemolytic cocco -bacilli in 
the nose of normal sheep and cattle. T. J. 
Bosworth, and R. Lovell (194:4). J, Comp. 
Path, 54,168. 

Geam-neqattve hajiBolytic cocco-Lacilli have been recovered 
from pneumonic conditions in sheep and cattle, both in 
Great Britain and America. The authors recovered similar 
organisms from the noses of 26 of 51 ewes examined by 
them in a Hock of 199, half of which wci'e affected with 
nasal catarrh following a spell of cold weather. As the 
significance of these findings was difficult to a.sse.ss, the 
examination was extended to include a number of healthy 
.sheep and cattle. Accordingly, they swabbed the noses 
of 100 normal healthy sheep, 50 from each of tw'o flock.s, 
and the lower portion of the trachea of 84 sheep .shortly 
after slaughter. They also took swab.s from the nose of a 
total of 113 COW'S and calves in three different herds. The 
swabs were rubbed on five per cent ox-blood agar plates, 
and after 24 to 48 hour.s incubation, suspicious colonies 
were picked and examined. The results are given in the 
table below', which also includes those from the examination 
of the 51 sheep affected with nasal catarrh. 


Xuinder and 

siiwliN <lf 1 
anhintl | 

.State of healtli 

Site of sw'ah 

Numlier 

of 

isolations 

r>l slicep j 

Nasal catarrh 

Nose 

tiO 

r»0 .sheep 

Healthy 

Nose 

20 

50 .sheep 

Healthy 

Nose 

11 

84 slieep 

Healthy at p.m. 

Lower 

portion of trachea 

7 

G eatflo 

Healthy 

Nose 

0 

49 Mittle 

Healthy 

Nose 

0 

■•>0 <‘nttle 

Healthy 

Nose 



Omitting the sheep w'hicli W'ere suffering from nasal catarrh 
hiemolytic cocco- bacilli were recovered from the nose of 
40 of 100 healthy sheep and from the trachea of 7 of 84. 
The number of cattle from wliich luemolytic cocoo-bacilli 
were isolated was much smaller, only 9 out of 105 (113 v). 
From this it appears that eocco-baeilii of thi.s class are com- 
monly present in the nasal pa.ssage.^ of sheep and to a less 
extent in those of cattle. Their recovery from pneumonic 
and other respiratory affeetion.s in sheep and cattle should 
not, therefore, be taken to mean that they are re.sponsihle 
per m for such, conditions. It is more ju'obalile that their 
role is only secondary to some primary factor which may 
be either a A'irus, as suggested liy some, or change in environ- 
ment. 

The characteristics of these organisms were a.s follows : — 
Gram-negative eocco-bacilli or short rods, non-raotile, pro- 
ducing a narrow zone of h{emolyi5is on ox -blood agar plates, 
usually fermenting glucose, maltose, mannite and saccharose 
and sometimes lactose, producing no change in litmus milk, 
and not forming indole except the cattle straia.s, about half 
of which did so. (Organisms with the general characters of 
the eocco-hacilli above described have often been grouped 
with the Pasievrella, but their exact taxonomic po,sition is 
doubtful.) [L.S.] 

Isolation of Pusteurella septica from an 
appendicular abscess. G. B. Lddi.am (1944), 
J. Paih.Bad. 

This article records the isolation of Pasleilrella sc-ptica from 
the appendicular ab.scess of a sempstress working in a hospital 
in Edinburgh. The absce,ss w'hich was about the size of a 


cherry and situated in the proximal part of tlm appendix 
contained yellowish creamy pus, microscopical examina- 
tion of which show'ed numbers of pu.s cells and a few' gram- 
negative bacilli, .some of which appeared to be intracellular. 
Culture on blood agar yielded a profuse pure growth of a 
grammegative cocco-bacillus which culturally and hioohemi- 
cally wa.s fountl to rescmbki Pantaurdla fieptim. The orga- 
nism proved pathogenic for the guinea-pig, rabbit and mouse 
but only .slightly so for the fow'l. Tlie identity of the orga- 
nism was further confirmed by agglutination and agglutinin 
absorption te.st,s w'ith known .strains of PndeurdUi ftr.plira. 

A specimen of the patient's serum obtained twoinonllis 
lifter the operation a,gglutina.iefi a suspension of the orga- 
niara to a titre of I : 249 and a known strain of PadenrvUa 
septica to 1 : 60. An exjilanation is offered as to thi.s di.scre- 
pancy. 

During the previon.s three montlns -there had been nine 
other eases of appendicitis among nurses at this hospital 
but only three of tlie.se w'ere examined bacteriological ly 
and they yielded only Burt, coli and Cl. ledrhii. The sera 
of some of these patimits also proved negative for the pre- 
sence of agglutinins to Padevrdla sepiica and the isolated 
strain. It would thus appear that the ease under review 
w'as ail i.solaterl one. No explanation could be offm'cd as 
to how' the patient liad got infected. 

The author claims that this is the first authentic record of 
Pa-steiirdla septica, infection in a human being in Great 
Britain ; for thougli PastPAirdh-Wke. organisms were isolated 
from a number of pa,tient.s snflering from infections of fhe 
gastro-intestinal tract during tlie la.st Great War, tliey w'ere 
not sufiiciently .studied to estabii.sh their true identity. 
Elsewhere, ino.stly on the continent of hhirope, llie organism 
has been recovered .from the following eondition.s : — ju'o- 
longtid puerperal pyrexia, gastro-enlm'itis follow'ing the 
•Imndling of fowls suffering from Pasteurdhi infeetion, em- 
pyiema, meningitis following the ii.se of rabbit-miiscle a.s a 
!uemo.static in an iutraeranial operation, meningitis following 
cranial fracture, hloo«l infeetion follow-ing a panther bite, 
local ab,se.e.ss as a result of cat bite and fhe bite of a ralibit. 

Infection of cat-bite and dog -bite wounds 
with PasteureUa septim. E. N. Allot, ,R, 
Cruickshank, RuxH Cyrtas-willia.ms, V. Gla.S8, 
I. H. Mi3yer Edith A. Straker and G. Tee 
(1944). J. Path. Bad. 56, 411 

Tiii.s is a record of ,six ca.ses of dog and eat-hite wound 
infection (three dog-bites and three cat-bite.s) with Pasleurdla 
septica. Infeetion of (lat-bite wounds witli Paston'dlu septica 
Ijas been recorded before (see the abstract printed above), 
but this is the first time a similar ob.servation ha,s been made 
in regard to dog-bites. Thi.s add.s the dog to the prohable 
list of Paste.'urdla cuiTiei‘.s. 

In three of the .six cuse.s, osteomyelitis oeciirred a.s a com- 
plication. Thi.s sugge.sts that Pastrucellu scjitica lues a .special 
affinity for, bone wliich probably aecouut.s for the intractable 
nature of most animal bites. 

The article is of interest as throwing further light oit ilie 
existence and importance of Pa^teindln carriers. | L.iS.I 

A new treatment for draconliasis. Al. 
Elliott (1942). Trmi.'t. roy. Sno. Trap. Mad 
Hyg. 35, 291-301 

Avtbk brief accounts of the history, geograpliiiail distribution, 
incidence, pathology, diagnosi.s and the clinii'al tyjics of 
dracon tiasis, the author deals w'ith the details of tnuitmeud, 
Aecordng to him, the ideal treatmmit for fhi.s disturse would 
be to introduce a drug into the tissues which would kill the 
worms, thus facilitaf.ing their extraction or else leading to 
their rapid dissolution. Plu-noi hia'/.ine has all this aetion 
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A COMPARATIVE STUDY OP RINDERPEST BULL-GOAT- VIRUSES, WITH 
A BRIBE SURVEY OF THE WORK DONE WITH RINDERPEST GOAT 
VIRUS IN MADRAS 

By R. Krishnamuhti, G.M.V.O., Veterinaiy Assistant Surgeon, Serum Institute (Madras), Coimbatore 
(Received for publication on 24 March 1945) 


W'rrii tiic inauguration of a Serum Institute at 
Madras, inncli work lias been clone to evolve a safe, 
efiicient and dieap method, of combating rinderpest 
in tliis province. Rinderpest virus, modified by 
serial passage through goats, was given an extensive- 
trial both at the laboratory and in the field and 
such modified virus has now been emplo)'‘ed for 
the last ten years. Saunders and Ayyar [1936] 
were among the fir.st to put the method of immu- 
nizing cattle by the goat virus alone method to a 
critical and coutrollcil test with a view" to deter- 
mine wdieilicr successive passages of virus through 
goats w"ould so alter the virus as to make it safe 
for use as a vaccine for protecting cattle against 
the disease without anti-serum. D’Costa [1938] 
says that goat virus causes a 70 per cent mortality 
, ill hill bulls and recommends that highly susceptible 
animals should be immunized by the sero-virus 
method, employing ‘ fixed ’ goat virus as the iu- 
; fective agent and slightly reducing the dose of pro- 
‘ tective .serum; w.hile Bachan Singh [1939] states 
that the ‘ fixed ’ virus from Mukteswar possesses a 
low virulence for cattle of indigenous breed and 
that it has been found to be .safe for local-breed 
; buffaloes of Central Provinces and Berar. 

Workers in other provinces have reported favour- 
alily on tlio use of the goat virus alone method in 
, combating rinderpest, but the experieuec giuiu'd 
in this province goes to show that this meilmd 
could not be advocated for wide use, as it produces 
undesirable reactions and other bad effects alter 
■ inoculation. The object of this paper is to jilace 
oil record a brief survey of the work done in this 
province with goat virus and to make ii, comparative 
study of rinderpest bull virus and rinderpest goat 
virus, wdth a view" to find out w"liethev there is any 
attenuation of the eiriis when maiutained in succes- 
sive jiassagns through goats. 

.’Rindurpicst uoat viku.s 

The goat virus is maiutained at the Scrum Institute 
by .successive pa.ssages in local brcnid of goats. Two 
strains of virus, viz, (1) The Madras’ strain and 
(2) the hliiktcswar strain, we.re maintained. After 
running the two strains for over sev"en years when 

*Anmial .Report.s. Civil Vetentiary Departinent, Madras, 
1932-33 to 1943-44. ' ’ 


more than 400 pa.ssage8 of each strain were comp- 
leted, the two were amalgamated togetlior and 
maintained as a single strain, Madras strain Ko. 2, 
as it was found that there was not much difference 
in the degree and percentage of reactions set up by 
them in the control buffalo-calves. In the mean- 
while a quantity of ‘ fixed goat virus ’ w"as obtained 
from Mukteswar and that i.s also now being main- 
tained as ‘ Makte.sw"ar .strain No. 2.’ 

The two strains are periodically tested for every 
tenth passage on young susceptible buffalo-calves 
of local breed. Most of tbe goats used for virus 
production, are invariably bled to death to meet 
the demand for vims. The control calves are ob- 
served for reactions and then tested w"ith a dose of 
virulent bull viru.s, after the reactions to original 
inoculation of goat virus, have subsiiled. 

So far about 375 passages of the Mukteswar strain 
No. 2, and 225 pas.sages of Madras strain No. 2 
have lieen completed. One hundred and thirty-nine 
calves for the Mukte.swar strain and forty-two for 
the Madras strain have been used and the oliser va- 
tioiLs on the type of reactions amongst them are 
summarized below. 

Mvktemar strain No. 2. Out of the 139 calves, 
116 or 83*5 per cent had thermal reactions, 86 or 
61-9- per cent had diarrheea, and 39 or 28' 1 per cent 
had mouth lesions also. There, was a mortality of 
32 calves or 23 per cent amongst them. Sabsequent 
immunity tests on the surviving calves shoAved that 
they had acquired immunity. 

Twenty-one calves showed no .reaction to the 
original injection with goat virus and on subsequent 
test conducted on 19 calves with virulent bull 
virus, 11 proved to be iioii-reactors and immune 
throughout. Seven had a thermal reaction, four 
had diarrhoea and t\A"o of them mouth lesions also. 
Three of them died of reactions to re- test. 

Madras strain No. 2. Out of 42 controls used 
for this .strain, 40 or 95-2 per cent had thernird re- 
actions, 31 or 73*8 per cent had diariiiaut, and .16 
or 38*1 per cent had- mouth lesions also. The, re 
wa.s a mortality of 7 or 16-7 per cent amongst them. 
Immunity tests on the calves that survived ,siiow(;d 
that they had acquired immunity. There were 
practically no non-reactors to the origimil in jectiou 
with goat virus. 
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■■■■■..Table. I 

Type of remfion observed ammmj goat virus controls—MuJdeswar Strain No, 2 




Tyi,)e of reactions observed - 


lloaei ions after retest 


XuDtber of 
passagCB* 

N umber - 
of 

(•oiitrol 

calves 

used 

'f lieriuiil 

.Harriiu-'a 

Moutli ' 1 
lesionB 1 

Mortality 

NuinlxT 
of non- 
reactors 

AmouK tlio react iirs 
tt) original 
injeeiiou 

AinoiiR tlm uoii- 
reiictors 

UnuarUs 

■ (1) 

(2) 

(3) 

fl) 

(6) 

(6) 

(7) 

(8) 

(0) 

(1.0.) 

.1 to 25 

• 55 . 

50 

34 


.■dTi ■■■ 

6 

Thermal in one . 

Tliermai iu ou« 


26 to 50 • 

' W 

13 

s 


5 

3 

iiil 

nil 


SI to U 

4 

i 

2 

1 

1 


nil 

nil 


T6 to 100 

a , 

4 

, 2 ' 



4 

Thoriual in one . 

Diarrliiea in one 










Tlierinal and diar- 
rluea in one 

liot.h died 









No reactions in 
others 


101 to 125 

4 

3 


3 

1, 

f 

nil 

nil 


136 to ISO 

6 


' ■ 

4 

2 

1 

nil 

Tliennal, soft fae- 
ces and moutli 
lesions iu one 

Died 

151 to 175 . 

6 

4 

1 



2 

nil 

Thermal iu two 


179 to 200 

0 

' 4 

1 



2 

nil 

Tli(»nna], diarrhani 
and mouth le- 
sions in one, and 
tliennal and 

diarrhaia iu tlie 
other 


SOI to 225 

0 

•i 

8 


1 

2 

nil 

Not retested 


226 to 250 

0 

6 

« 

.. 2 

i 


Not retested 

do ■ 


261 »o 276 

■ ,3 

d 

:3 

^ 2 

2 


do . 

do 


276 to SOO 

6 



1 

1 

1 

nil 

nil 


SOI to 325 

(i 

4 

« 

3 

4 


nil 

nil 


326 to 350 

0 

5 

■. r. ■■ 

3 

8 


nil 

nil 


351 to 376 

4 

■ ‘1 

4 

2 



. nil 

nil 


Total 375 pas- 
gages 

130 

lie 

S3-5 
per rent 

80 

01-a 

per cent 

80 

28-1 . 
per cent 

3-2 

23 

per cent 

... 





♦Group? of hvMity-nvo passages eudi are tnkeh serially and classified. 


Nature of reactions observeb 
In botli the strains, most of the reactors developed 
a high temperature, varying from 103“F. to l65°F., 
from about the fourth day. The temperature per- 
sisted for some days ; dullness, inappetence, suspen- 


sion of ruiuiiiatioii, uusat (%atarrh and <'.a.(arrh of 
the eyes were also ohsf'.rvful. In rua,ny (vises of 
severe reactors diiirrliiea set in from al.u.)ut the sixth 
or seventh day, whi(di in most of tlu^ fatai eases 
was fetid, shooting and watery and jairsisted iill 
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death. Those that recovered after diarrhcea were 
much emaciated. Congested buccal mucous mem- 
brane was observed in many oases from about the 
seventh day and, in some, ulcers were also noticed 
on the eighth or ninth day. In most of the cases 
congestion persisted for about a week. In moderate 
cases, only a thermal rise was observed for three or 
four days followed by passing of soft faeces for 
two or three days and the animals gradually re- 
turned to the normal condition. 

On autopsy the striking lesions observed were the 
acute gastro-enteritis and occasional ulceration of 
abomasum and caecum. 

Animals which recovered from a severe type of 


reaction were observed to be weak and much ema- 
ciated. 

Field teial 

Experiments wore first conducted during the year 
1932-33 in ten selected villages with goat virus 
alone and, judging from the encouraging results 
obtained in the experimental camps, the methoil 
was given a wide trial for some years in clean areas. 
Some inoculations in afi’ected areas were also per- 
formed. Table III shows the nuniber of inocula- 
tions performed by this method and the mortality 
recorded amongst them. During the year 1935-30 


Table II 


of reaction observed among goat virus coyiirols — Madras Strain No. 2 





Type of reactions observed 


-Reactions after rei est 


Number 
















NumLer of 
passages* 

of 

control 

calves 

used 

Thermal 

niarrhcDa 

Mouth 

lesions 

Mortality 

Nuiuher 
of uon- 
reactora 

Among the reactors 
to original 
injection 

Among the non- 
rcaetora 

0) 

m 

(3) 

(4) 

(5) 

(6) 

(7) 

(S) 

0») 

1 to 25 


4 

4 

1 

1 


. 


nil 

■nil 

26 to 50 


4 

4 

3 

1 





nil 

nil 

51 to 75 


4 

8 

3 

3 

i 




nil 

nil 

70 to 100 


4 

4 

4 






Wot retested 

Not retestcil 

101 to 125 


6 

6 ' j 

4 






<lo 

do 

126 to 150 


6 

6 1 

4 






nil 

nil 

151 to 176 


4 

4 

3 






nil 

nil 

176 to 200 


6 

0 

5 

5 





nil 

■nil 

201 to 225 


4 < 

4 

4 

2 





nil 

nil 

Total 225 pas- 

42 

40 

31 

16 

7 




sages 


9rv2 

73-8 

3S-1 

10'7 1 






per cent 

per cent 

per cent 

per cent 





•Groups of 2.'i pss a„e t u ti are talcon seri.slly and elassiflod. 


Table III 

Number of ‘ goat virus alone ’ inoculations ^performed and the mortalilij amongst them {Gattle and buffaloes only) 





Number of inoculations performed 

Number of Inoculated animals d 5 'iiig of the disease 


Years 


In clean areas 

■ In a(fect(5(l 
areas 

Total inoenhi- 
tions 

Among thosii 

1 HOC li lilted 
in clean 

Among thoso 
inoculated 
in aifoetod 

'J'otal death* 


(1) 


(2) 

m 

(4) 

(a) 

(6) 

(7) 

1932-33 . 



129 


129 

1 


1 

1933-3‘i . 



2,640 


2,040 

4 


■■ 4 

1934-35 . 



32,911 


32,911 

22 


22 

1935-30 , 



61,114 


01,114 

88 


88 

1936-37 . 



02,821 

84 

62,905 

51 

3 

84 

1987-33 . 



26,741 

3,756 

30,497 

23 


38 

1938-39 . 



10,934 


10,034 

14 


14 

1939-40 . 



1,294 


1,294. 




1940-41 . 



■ 301 


801 
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Go7npamtive Study of Einderpest Bull-Chat- 'Vinises 


0* 1 per cent among tlic inoculated were reported to 
liave died as a result of tlie severe reactions set up 
by tins inetliod and tbe mortality had occurred 
mostly among buflaloes, which class of animals 
was found to 1)0 loss resistant to the effects of this 
method of inoculation. During 1936-37 out of 
62,905 iuiimals inoculated with goat virus, 54 ani- , 
mals, mostly, buffaloes, were reported to have died 
as a result of severe reactions set up. Though . 
the percentage of mortality was negligible, the seve- 
rity of reactions .set up in many ca,ses could not be 
ignored tliough it was pos,sible that such severity 
was due to an unusually high .su.sceptibility of such 
reactors. The method proved to be uupopuiar 
among the ryots owing to the severe reactions set 
up, especially in buffaloes, and owing to a large per- 
centage of animals becoming incapacitated for work 
for some time after inoculation. The possibility of 
setting up fre.sh foci of infection in healthy centres 
by this method had also to be c.onsidered. 

Tissue virus 

Exhaustive trials with infected goat spleen tissue 
were also carried out with a view to study the adap- 
tability of this technique in this province and the 
results obtained have been published [Nair, Krishna- 
murti and Kalyanasundaram, 1941, 1942]. The 
adoption of the method of iiiooulation with tissue 


emulsion in normal saline was noi. found to be 
quite safe in this province, as the reactions set uj) 
after vaccination were rather ,scv<>re. in the ca.se 
of the de.siocatod vaccine, it wa.s i’ound to have 
set up severe reactions in, .some pbuM's and it could 
not be said to be a safe product. 

It is the geuerai experience that the. administr;!,- 
tion of goat virus, cither blood virii.s or tis.sue virus, 
which produces a reliable imimiiiity, is atttuuled 
with a considerable amount of risk and that certain 
proportion of animals so inoculated, e,sj)ecial]y 
buffaloes, develop a se\'ere reaction and in some case.s 
mortality also occurs. As this method of protec- 
tion with goat virus alone could not be carried 
out with safety, serum simultaneous inoculation, s 
is now being done using goat blood virus as the. 
infective agent and reducing the quantity of ])ro- 
tective serum. The serum given is just .sufficient 
to ward off any unde.sirable reactions. Table IV 
shows the number of such serum .simultaneoiis 
inoculations performed so far in thi.s province and 
the mortality noted among.st them. 

Eindeepest bull virus 

The bull virii,s is maintained at thi,s Institute by 
successive passages in young susceptible buffalo- 
calves similar to those used for testing goat virus. 


Table IV 


Number of * aefum-dmultaneous ‘method ’ of inocidatwis ivith rinderpesl goaf, mmn performed and the 

mortality amongst them 




Number of inoculations performed 

Numlter of iuoculnted animals dying of tlio disease 


Years 

In clean areas 

1 In affected 

1 areas 

Total inocula- 
tions 

Among tlioflc 
that were 
inoculated 
in clean 
areas 

Among tlioso 
tliat wore 
inoculated 
in affected 
areas 

Total deatlia 


(1) 

(2) 

(8) 1 

(4) 

(6) 

(0) 

(7) 

1937-38 . 


.9,197 

.36,907 

42,104 


.8 


1938-39 . 


48,485 

1,92,250 

2,40,724 

6' 

50 


1939-.10 . 


40,944 

2,54,597 

2,95,541 


102 

102 

1940-11 . 


78,469 

3,30,24,3 

4,08,702 

21 

131 


1911-12 , 


74,027 

3,30,527 

4,04,654 

21 

133 

1 164 
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The Ktrain was obtained from otic fjf tlie districts 
of this province, whore the disease was prevailing. 
iJiilI virus was largely used for some years for con- 
ducting serum simultaneous inoculations but, now 
with the a<lvent of goat virus, the former is mostly 
em[>]oyed for carrying out immunity tests, 

ISiATTJRR OP UPUiOTrONS OP.SURVK [) 

An analysis of observations recorded for five 
yea.rs from '!0d8-39, leaving out of account the year 
] 942-1 3 when no bull virus strain could be main- 
tained. is given in a. tabulfU’ statement 
(Tal.leY). 

From tlie statement it ra,a,y be observed that during 
the year 1938-39, 133 f)uft’alo-calves Were used for 
virus proiluction ; of these, though 130 calves had 
tlKU'imil reactions, only 102 were bled for virus, 
as the remaining 28 had not the satisfactory thermal 
rise to allow bleeding. One hundred and fifteen 
calves had dia-rrhma and 72 had mouth lesimm as 
well. There was a total mortality of 77 calves or 
57*9 per cent including 17 which were not bled. 
During the, year 1939-10, tlie percentage of jnortality 
was 53*8, about 4. per cent less than iii the previous 
year. During 1940-4:1 the mortality went dowm to 
38*5 per cent. It remained (amstaut at 12*3 per 
cent during 1941-42 and 1943-44. The higher 
percentage of mortality during the first two 3 'ears 
may perhaps he attributed to greater quantities of 
blood drawn from the calves to meet the demand 
than that done during the subsequent years when 
there was not much demand for the pr(jduct. Ty- 
pical clinical symjjtoms were invariably seen in 
most of the reactors. High rise of temperature, 
varying from 103°F. to 106°F., with dullness, in- 
appetence, suspension of rumination, discharge from 
eyes, followed by diarrhcEa from, about tire sixth oi.‘ 
seventh day, which in some cases was very severe 
with dysentery, congestion of buccal mucous mem- 
hrane aud, in some, nlecrs also were noticed. 
Diarrhoea usually persisted till death in animals 
that died. Buch animals were prostrate in condi- 
tion and were found to be having shooting watery 
diari'hoea with offensive smell. In some dysentery 
wa.s observed and it was so servere that they passed 
clots of blood and shreds of alimentaiy mucous 
membrauco Tu the case of animals that survived, 
duirrhoea was ohs<3rve(l l“or about a week or ton days 
and th{3 I'aeces gradually hec.amo noi'mal. Conges- 
tion of luiecal mucous •mem])i'ane was usually ob- 
served from about the sixth, or so void h day followed 
by 'necrosis aud, uh'cration in ma,uY cases. Mild 
reactors had tluirmal rise for a f(uv days, followed 
by j)assiug of soft faeces for three o!‘ four days and 
then t.hey rel.urued to normal condition. On autopsy 
acute gastro-euteritis and occasional ulceration of 
abomasum, cae.curn, colon, etc. were observed. 


Comparison- op RiNDii;,iiPJssT goat virus with 

RINDERPEST BU.LL VIRUS 

Taking into consideration that the same type of 
3 'oung susceptible buffalo-c.ii,lves were used both 
for te, sting the virulence of goat virus and for yiro- 
ductioii of bull virus, the reactions observed amongst 
them ma}’- comparatively he studied to give an 
idea of the virulence of l)oth the goat and bull strains. 

In the Mukteswar strain of goat x'irus, as fdi‘eady 
stated, it was observed that there had been the 
following percentage of reactions : 


Total number of calves tested 139 


Thermal reactions 
Diarrhoea 
Mouth lesions 
Mortality 


116 or 83’5 per cent 
86 or 61-0 per cent 
39 or 28-1 per cent 
32 or 23 jjor cent 


111 the Madras strain, the 'folio-wing reactions were 
noted : 


Total numlier of calves tested 42 


Thermal reactions 
Diiirrhoaa 
Mouth lesions 
Mortality 


40 or 95'2 per cent 
31 or 73*8 per cent 
16 or 38 per cent 
7 or 16-7 per cent 


Totalling up the figures for both the strains, it may 
be said I hat old ol 181 calv(‘s lested 156 or 8B*2 
per cent had thermal reactions. 117 or GI*(i per 
cent had diarrhoea a-iid 55 oi* 3(J» f ])or cent had 
mouth lesions also. There Inul bi'eu a mortality of 
39 calves or 21'5 per cent among them. 

It may be mentioned here th^it in our experi- 
ments with tissue virus in nonnil >aline, there was 
also a mortality of about 2U per cent among the 
calves; it wa.s almo.st the same as in the case of 
blood virus. 

In the case of the calves used for bull virus pro- 
duction the percentages of reactions are noted 
below ; the figures indicate totals for the ,five years 
already mentioned. 

Out of a total of 479 calves used 418 or 87*3 per 
cent liad thermal reactions, 324 or 67*6 per cent 
had diarrhoea and 182 or 38 per cent had, mouth 
lesions and there was a mortality of 2-36 calves or 
49*2 per cent amongst them. 

The comparative figures furnished show that in 
the case of goat viru.s there i,s a decrease in the 
percentage of reactors by (1) about one per cent in 
thermal case.s, (2) three -per cent in, diarrhosa 
(3) 7*6 per cent in mouth lesions cases und (1) 27*7 
per cent in mortidity. 

'Thus, thoi]gli tiuuui is iiot much difference in 
percentage of other nsud.ions, the moi'tality in eas(,‘- 
of goat virus is miicli le.ss, less than even half of tlic: 
,m,ortality noted in cast*, of bull virus. It sliould, bt; 
remembered, that from the Ciilvt'-s used for })uii virus 
production, some quantil;,y of blood is drawn foj* 
virus ; but that may perha[)S c.aiise only a sliglit 
increase in tlie percentagti oJ' mortality. 


Table Y , 

Type of reaction observed among buffalo-calves used for bull vims production 




Type of reactions observed 


Number 
of non- 
re, 'ictnra 
(those 
tlmt liud 

roiiellon 
at all) 

(7) 





■.'.'Yeara 

0) 

Xinnlurr 

■■■ of, : 

: ealves 
used 

(3) 

Thermal 

(3) 

l)iarrIioc.a 

(D 

Mouth 

lesions 

(5) 

Mortality 

(0) 

Nunil)or 
of enUns 
hied 

(S) 

■ . 

Mortalllv ainonsiat. 

tin; bled 

(9) 

Nnmbfir 

of 

reactors 
tad Ided 

(10) 

Mortality 

amongst 

the 

non-Wi‘d 
( Re!ift.‘d 
but not 
bled) 

(ID 

n)38-;g) . 

138 

130 

115 

72 

77 

1 

102 

.59 1 (dt;s()’ii,vi‘d 

for spleen) 

89 

W) 


, 1039-40 . 

132. 

117 

100 

,47 

71 

10 

90 ' . 

23 

12 

1910- n 

0.1 

65 1 

35 ’ 

22 

25 

10 

47 ' 

19 3 (destroyed 

for spleen) 

8 

'3' 

1941-42 . 

71 

6.3 

35 j 

19 1 

30 

16 

43 

18 plufi S (deatroyeil 
for spleen) 

12 1 

, 

1943-44 . 

78 : 

03 

30 

22 

33 

11 

60 

17 phiH 11 (dfi.stroyed 
for .spleen) ! 

1.1 


ToM 

479 

418 

87-3 

per cent i 

324 

a7-6 

per cent. ' 

183 

38 

percent 

236 

49-2 
per cent 

48 

' ''""'s-id 

173 plus 33 ((le.st!-oy- 
ed for .sjileen) 

86 



'I’dtai calves used . , . . . . . . . , . . , , > . .| 71) 

ISumbor of calves Wed . . . . , . . . , ..... :544 

Number of calves reacting but' not Wed . . . . . . . . , . . 

rereentage of mortality among.st tlifj Wed ... . . 


Summary 

A hriof survey of tlie work done on the goat virus 
alone nietkod of inoculation in tlie Madras Provincse 
is given. 

Two si rains of goat virus, tlic Miiktcswar strain 
and tlie Madra.s strain, are maintained at tlie Scrum 
Institute, Madra.s, and there is not nmc’h difference 
in the nature and percentage of reactions set up by 
them in the control calves. 

It was found both from experiments conducted 
in the laboratory and in the field that the method 
of protecting cattle against rinderpe.st by the goat 
virus alone was not quite a safe one. The reactions 
set up by this method in the confrol calves were 
severe resulting in a mortality of 21-5 per cent 
among.st them. In the field, though the percentage 
of mortality was negligible, the severity of reactions 
sot up by this method, especially in buffaloes, wurs 
such that it became unpopular among the ryots 
who could ill-afford to have some of their animals 
incapacitated for work and their milk yield reduced 
even for a short period. 

The spleen tis.sue emulsion in normal saline .solu- 
tion also behaved in the same Tuamior as the blood 
virus ; hence it could not also be ad-vooated for uho 
without anti-serum. 

From experience gained in this ])rovin(3e it may 
be said that the ideal attenuation of the virus for 
use as such without anti-serum, in bovincs, cannot 
bo said to have been obtained by successive pas- 
sages through goats. 


The percentage of mortality among goaf virus 
control calves was observoil to be imudi h'ss, le.ss 
than even half of th;it which ocamrn'd among the 
calves used for the ju'oduction of bull virus, fhoiigh 
appreciable tliffcrcneo was not noticed iii I be degree 
and naluire of of her ^'actions. 


AoKN O WLK DO I>3M l‘nVT.S 

It is my jdeasant, duty to expre.ss tbauks to (Japt, 
T. .1. Tfuritw, Director of Veterinary Servict^s, Madras, 
ami Mr Ij. A. Sa,rniu, Cb'M.V.C!,, Htiperitif undent, 
St'i'um Insf.itute (Madra.s), Coimbatore, for helpful 
.suggestions. 
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IMMUNIZATKJN OF BDPFALOBS AGAINST EINDBRPBST IN ASSAM* 

By V. E. Qopalakelsiin AN, Vefcemiaiy Investigation Officer, Assam 

^ (deceived for publication on 24 April 1045) 

Eindbkpest 111 hunnloes is of (“oninion occuvmice their susce])ti})ility. It can hardly he claiinod that 

vl iu u J . , ,.,f 1 ; . , 1 '*>'■'* However, tky mny Ije ro.rgiiiy ebssilurl u.uler : 

of m ^ W Aocoi or These .m, massive 

a hr on o'^lim , o f em. , 1 I”’""’ " ‘"'T"* ■ ‘Sid ; «'meti,nc» tliere is very little 

,1 " ^ of cti Lun features observed in difference between this type, and wild buffaloes 

iminuuiBatnni of t lie local types of (2) /n7; /ra/uiocs/ Those arc inaiuly Ma^ 

province 'it inivTle^statr buffaloes and, to a less cjctent, those found at/tlie 
t£ue vhus 1 C e n P fo«t-hills of Mikir, Khasi and oTaiutia Hills, etc., aiul 

poat tissue virus (I c.c. of ; 200 sjilcen eraulsion are generally smaller in size. 

,111 saline) has been adopted as a routine, both as (3) Imported buffaloes or Bananr These arc ini- 

and also from Bengal. 

fS so me Zltlt ^ encouragmg results The animals are much quieter in temperament Ll 

In i-n KnPf 1 • • j' • ^^^ognized- from tlu'. indigenous types liy 

In legaid to buffaloes, immunization is usiialiy their medium size. ■ 

umlcrtaken^m of rinderpest anil ^Although it may be possible to distinguish the 

d m o tho H ^ ^ i>ioasure._ I Ins is mainly above types with a fair degree of accuracy, a variety 

due fo_ the fact that there, is evidence of a wide of crossbred animals Jiave deviffi>pc>.<l due to indis- 


....... ui ii wiue 

range in the. degree of reaiffion in the local types 
of buffaloes and also in buffaloes in dilTereut areas. 
A standard routine for vaci.ination of buffaloes 
could not be fixed as the dosage ofscuTim is variable 
and has to be regiilatetl in accordance with tliese 
two factors. Field oliservations indicate that the 
reaction is mor(> sevu're in fmft'aloes than in cattle. 
As a result, of such severe reaction, partial reduc- 
tion or complete cessation of milk yield and diarrhma 
have been observed ; even deaths among the I’aeci- 
nated have occurred, f^ueh discjuietiug factors are 
likely to alh'ct adi-ersely the po])ularitv of vaccina- 
tion . 

Buffaloes are maintained gmiorally for milk and 
the_> are in some respects more economical milk 
‘‘itfier indigenous or crossbred 
cattle lmsid<-s, there, uppears to be. a teiidenev, 
though not a very nmrked one, (o disjffaee. Imllocks 
lor traction ]mr))oses by male bnff'aloes, ('specially 


inph.n.duffm 1 n ^ ■- muucc.s, ('special y whicfi are joined by North Caehar to the Nag 


stock is of grt'ul utility in certain typi's of cultiva- 
tion and, as .Mich, tlu' buffalo lias an important 
])iaee ni the general agrieiiltnre of the jirovinec. 
Also the poor ([Uality of Assam ca,ttle is in marked* 
contrast (u tiu' line (jua,!ily of I li(' Assam buffalo. 
Ii('iic(‘ a fairly large number of buira,lo('s is main- 
tained ill As,s;i,m and the npp(,rlnnifv was lakon 
b) unmum/e tlh>m uiih the least misliap, as far as 
jio.ssible, by eveirisiiig gre;i.i eaaititni. 

Tv!*!<;S OB lU'BFAI.oi.; 

A brief description o 
.'\s,sam Would bi' liclpfii 


criminHt.e admixture of blood from all ihe.si; types. 
Fiirthor, the quality of bnff’aloes in Assam is’ said 
to be kept up by cros.siiig with t.he wild InilTaloes. 
A. wild buffalo frequently attaehe.s himself to a 
herd and is u.snally tohuated, by the lierdHinen 
[Blackwood, 1916]. 

Eegarding localities, it may be stated that biiffaloe-s 
are distributed both in the plains mid, hills of Assam, 
.fii the plains of the Assam valleys, buffaloes of 
local, imported and mixed breeds are found. Whore 
the plains border on tlu'. hill rtigioii, hill buffaloes 
and their mixed liroeds are eommon. .Buffaloes in 
the Burma valley are mostly of mixed breeds of 
Manipnri and .Bangar and juire Manipuri. Apart 
from the A.S8am and Snriua valleys, the. rest of the 
province ecnisiats of ranges of bills. Btart.ing on 
the west of the Assam range, we have in snoee.ssion 
the (laro Hills ami the Khasi and Jaintia Hills 
which are joined by North Caehar to tlm Naga 

T-inir, 4.u„ — J.1 j -I , . .. 


> 'I'liKiu i,0(!Ai,rrii';s 
tyfics of buffaloes 
I'Sccriaiii (he (iegn'e 
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* INificr read ;i(, Uic fnilii 
.Medical ;iud N'elcriiiarv .Scic 


iScif'ucf' ('oiigrcs.s (iScfdiion of 
'c:'.), Nu-gpui', dinniarv 


east. South-we.!3t of Manipur are the Imshai Hills. 
The average elevation is about -1 ,()()!) ft but some 
peaks rise to 7,000 ft [MeBwinev, 11)12]. Buffaloes 
in the. lower slope.s of the hills,' that approach the 
plains, are mainly loeal hill i vp(' ;uh 1 lo a less ext('nl 
mixed breeds. 

I.MAUi'.VlZATJON 

It Would apjiear ne.ee.ssury lo deserilH' the iiK'ilmd 
of immiiiiizatiou in each eireh', in the Assam Valh-y 
wdiere mi.xu'd lu'rds o( varying snse,('pt.ibilitv are 
usually iiml, with. In ihe bower .Assam Ciis'h' rhe 
local Ituffaloi's ari! vaeeinated vvitli ()-,0 c.c. - .that 
is, luilt the normal dose ■ of goat li.ssue N'micint'. 
alone. The readiou h; niiM with sliglil, rednetiou 
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Immunization of Buffaloes against Rinderpist in Assam 


in milk yield, in some misos even by oue-lialf. They 
recover in fclic course of u, fortnight and mortality 
is very re.To, Animals of mixed breed, (local and 
hill tyj)es) in this locality arc given 0*5 c.c. of vac- 
cim; and a Hat dos(! of 40 c.e. of ordinary anti- 
rinderpest serum simultaneously. The reaction mani- 
fested in se.vond cases is mild with slight decrease 
in milk yield ; a few develo[) diarrhoea and exhibit 
a marked reduction in milk yield. Very rarely, a 
few deaths have been reported (maximum mortality,” 
one per cent) : these were probably attributable to 
the fact that they were not ])roperIy cared for 
during the reaction period or to helminthic infesta- 
tion." 

In the Central Assam Circle, the general procedure 
is to vaccinate the buffaloes by using 0*5 c.c. of 
vaccine and a flat dose of 20 c.c. of serum. The 
animals show moderate reaction with mild clinical 
syn)ptoms and slight reduction of milk and recover 
in about a fortnight. 

Local buffaloes in the Upper Assam Circle are 
immunized by injecting 0*5 c,.c. of vaccine and 30 
to 60 c.c. of serum. I'li Haloes of mixt'd breed, 
generally of local and imporbul tyi)os, are given 
the same dose of vacdm.'i and 20 t,o 50 c.c. of serum. 
Comparatively, the reaction is more manifest in the 
local than in the mixed breed. lUse of tempera, l.ure 
of about 2 to 3°F. may bo noted. Reduction in 
milk is observed from the fourth or fifth day ii}) to 
about two to three weeks. lOiarrhma i.s noticed in 
some cases. In Bibsagar, 487 biifi'alocs have i)e(‘.u 
vaccinated since 1939-40. It is of interest to note 
that no death wa,s reported iji tlie vaceimifed 
animals and also there was no outbreak of rindcr|K>st 
among them till 1042-43. 

In the Surma valley, mo.st of the Ijiiffidoe.s con- 
sist of a mixed breed of Mani})uri and Hangar and 
of pure Manipuri. The following methods of vacci- 
nation have been tried : 

(i) Dose of 0*5 c.(t. of (LT.V. (1 : 200) and 30 to 
40 c.c. of ordinary rindeipe.st scj'um wa.s given in 
actual outbreaks and also for pro])bylaxis. 100 
animals were vaccinated. 

(ii) Dose of 0*5 c.c. of G.T.V. alone was used as 
a prophylactic measure in 388 biifi'aloes. 

(iii) Dose of 0*25 c.c. of G.T.V. alone wa.s gi\'cn 
as a prophylactic luea.surc in 184 ]>iiflh,!oes. 

In the fet method the reaction was mild ; the 
course was not much jjrolongod but ajipcaml within 
normal limits ; .slight reduction in the mill yield 
was also noticed. All the. vaccinated animals re- 
covered sati.sfaetorily. In the .second method th(.( 
reaction was found tf> be very severe in al.)out 50 
])cr cent of cases. High temperature, marked r<^- 
dnefcion in milk-yield, dia-rrheen and dysentery were 
observed. The symptoms were really alarrui.ng in 
a few casc.s, and of the.se three buiTaIoc.s died. The 
in.c libation period appeared rather .sliorter (bh('.rmal 
reaction occurred on the third day), the course was 


prolonged and the convalescence .slower. In the 
third method there wa.s not iniicj] dift’ermus} in 
reaction as compared with th.e second one. The 
incubation period was found i;(f b(^ u, Hilh.^ longer 
(thermal reaction occurred ondlh to 61, h (hiy), but 
the severity of reaction was almost (.Ih*. sjune, re, suit- 
ing in two deal.h.s. It would a]){ie,ar tliat for Mani- 
puri bufl'aloes, both ])ure and mixed, tlie .sale, and 
effective mel.hod of immunization would be b) us(‘. ^ 
0*5 c.c. of vaccine, and 30 to 40 (\g. of ordinary' 
anti-rinderpest scrum .simultaneou.sly, .fei the. 

" vaccine alone ’ method, it .seems proliabie that a 
higher do.se of vaccine would tend to reduce the 
period of incubation a little. The use of scrum — 
at least 30 to 40 c.c. — is essential to control severe 
reactions which, otlierwise would entail mortality. „ 

In some cases disturbance in health cine to helmin- 
thic infe.station is observed as a re.sulb of vaccina- 
tion, i.o. about 10 to 15 day.s following vaccination, 
Diarrhoeic motions are jmssed ami thm-e i.s a rapid 
fall in condition. Anaemic ohange.s in the, blood 
and fairly largo numbers of ova of Didoma, Amphin- 
Imie, Stronfjylus, otic., are noticed, .Parasitic?, infesta- .q: ‘ 
tiou in bu'i'ii,lc)e.s in this ].)rc)vince, is very common 
and fairly heavy. This i.s inevibihle due io tin? 
climatic and geographical conditions of .V.ssfun. 
Buch hitestation.s Hare np .somctime.s following the 
reaction of rinclerpest vaccination. 

Di.scu'.s.sion 

It will be (dwerved that the method of immuniza- 
tion of biitTalocs against n!ulerpe.st. in A:'.su.m recjuires 
a ca.n.‘,fu1 iiitcrpretatJoii of tlm dosage of serum, 
d(?pcnding upon the lot.‘a,Iit.y and l.hc ty])c of brec'd. 
7'lu', reason is tlial. tin' bnll’aloc'.s posst'.ss vai’yiiig 
(UgircH'.s of su.sc‘<‘plibility as they consist of hiil/'t 
wild or half-wild and imported type.s and their 
erossim'tl ofr.s])rings. It ha.s !)cen found tliat one 
incithod, .say 0*5 c.c*. of vaccine ahuu*, however 
.satisfat'iory in a ])articular loejdily, turns out. to he? 
a highly risky one in another area. .Mention should 
also he made of sonic* ease's in which the r(*a.cti<jn is 
uncertain, ilcnct*, for immunization of lmft'aio{?.H 
with goat tissue vaccine*, it is now con.a'eli'rcd esnen- 
tial t.hat a dose* of serum la* give'ii to ward ofT any 
likelihood of risk. 

A jii'.rusal of tdie reportis of tlie ])i.'ovince;\s and i 
state's in India indieafe's i.hat \‘irus (funi se'niin 

metliod is e'tlicae-iou.s in the. imiuuulz.it ion of biifTalnes. j, - 
fii several provinces goat tissue; virus i.s used with 
scrum siniiillaneonsly, while in Mysore the nie'tlmd 
of goat blood virus wit.li sc'rum is prc'Cerred, j Acliar, , 
l'.)l]|. Howu*V(‘i‘, in some* are*as in tlu* Punjali, 
it is rcjiorli'tl tliat bnlTahucs an* va(*cin;d(‘e! with 
goat t.i.ssiiei virus ahuie* without, untf)\vard n'sults 
[Uhowdliuiy, Htlli. i 

Hechiclion in milk yield i.s perhaps one eif Ihe 
most (listurbiug e'uii.seeiucnce's of vace.-iuat ion, causing ; 


P. W. Priestley and B. Artiolt 


250 


anxiety to tlie owner and tire operator alike. Tlie 
most satisfactory method appears to be the use of 
adequate quantity of scrum which inhibits 
severe reaction and thus causes a minimum loss in 
milk yield. Such loss is inevitable as inoculation, 
operation or even any physical interference witli. 
tlie buffaloes affects these temperamentally and 
usually reduces their milk-yicld for one or two 
days. It may, liowever, be mentioned in this con- 
nection that in the Central Provinces and Berar 
tjie method of blood virus-cum-serum was experi- 
mentally found to be the safest; the loss in milk 
yield bcin^ lowest, viz. 25 per cent [Singh, 1939]. 

Fall in condition or general health has also been 
observed following vaccination in the field. Although 
severe reaction is likely to bring about this condi- 
tion, the absence of green fodder aggravates it. It 
would be preferable as far as possible to undertake 
vaccination as far as at a time when there is 
ample green fodder. 


are given of the field experiments conducted to 
evolve the most suitable method of immunization 
of buffaloes against the disease in the province. 

Particulars of the type and degree of reaction 
in the methods adopted to control the disease are 
described. There is evidence of a wide variation 
in tlie degree of reaetion in tlie local tjqies of buffaloes 
and also in huffaloes in different areas, viz. plains, 
hills and forests. 

Vaccination witli goat-tissue, virus, along with 30 
to 40 c.c. of serum, appears to be the safest method, 
as it obviates to a largo extent the risk of mortal ify 
and loss in .milk yield. 
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SUMMAEY 

A brief description of the types of buffaloes in 
Assam and their distribution in different localitie.s, 
is given. 

Eimlerpest is of common occiirrence in Assam, 
causing heavy mortality among buffaloes. Details 
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--^STREPTOCOCCUS M ASTITIS IN BUFP ALOES 

By F. W. Pmestley and D. Aktioli, Military Veterinary Laboratory, Laliore 
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It has been generally assumed locally that mastitis 
in Iniffaloes is of little importance. Since relatively 
slight experience convinced us that this view w-as 
incorrect;, work on the problem was begun with the 
results outlined below. 

It was soon I'calizod tliah the examination oi* several 
hundi’ed milk samples by a plating technique was 
beyond the ca])acity of this laboratory. It was 
therefore decided to adopt the incubated milk 
techui([uo described fully liy van Rensluu'gh [UIJ l] 
and siiK'd rejmrted with some favour by Rowlands 
and Field [1913] and by Field and Smith [1944]. 
Briefly, this tf'clinique consists of incubating mixed 
quai’ter samples of milk from each animal at 37°G. 
and I'xaiuinhi.g stained smeuns for the presence of 
strepto(;oc:e.i bS to 24 hours later. 

No all (Mil pt has been made here to compare the 
^'au Reiishiirgh technique, with any other, but it is 
wort li im'utioniug that, when occasion has demanded 
the. isolaliou of mastitis sfjeptococih, these organisms 
have iuvai'ialily lieen isolated from van Kensburgh 
positiv<' .samph's. 

Our work is recorded under idle three headings, 
geiHU'al (‘pidiMiiiology, vaccination and eradication. 


Bacteriology 

The vast majority of infected buffaloes examined 
by us have been infected with si.i’cptococci and tliis 
work has been concerned entirely with that type of 
organism. The number of samples containing 
staphylococci has been relati^'cly low, although a 
certain number of clinical cases have been associated 
with Staph, aureus. The number of (J. pyogenes 
cases has been even lower, idiough this organism 
too has been isolated occasionally. .No case of 
tuberculous mastitis in buffaloes has been met with, 
but serious search for this organism has not been 
made. 

We have not carried out scrologiciil tests in this 
laboratory on mastitis stre[)toco<;ei but, judging 
by the biochemical reactions, they would nearly 
always fall into .Lancefie.hrs group B, as might be 
expected. These local strains givi‘. (ii-JiaemolyHis iu 
horse-blood agar, a final pll in glucose-broth of 
about 4*3 after four ilays iiieuhation, hydrolyse, 
sodium hippurate, fail to nulucc 1 in riOOO rnctliyfcMU! 
blue in milk, produce acid in lactose and IndialosCg 


Htreftococc-m Mastilh in Bifffnhes 


soinetiiaos in f 
or 9 or).)it-oL 


i rulft ill mannitol 


General incidence 

Before any policy conc<‘,rning mastitis coulir i.ie 
suggested, it was necessary to be eonvincei.l. that 
the disease was in fact widcspirsid and of importance. 
Between Way and October, 1944, a jireliminary 
survey was tliereforo undertaken on three ditferent 
farms' ; d.uring tlie same ])crio<l, another laboratory 
working in coojH'ration witli us undertook tlie 
examination of two more farms. Tlui resiills are 
recorded in Table I from wliicb it may be Hoe.n t,bat 
the incidence of infection vai'ieil from Kkl to i8T) 
per cent, and that, of the total number of 3,322 
animals examined I0‘0 per cent were infected. 
Since tlie original survey, other {‘xaininations have 
been carried onl on some of thi'se farms and the 
results have conlirnictl the. liuditig of a burly high 
incidence of infection. 

The indications were tlierelbre that streptocoeeus 
mastitis was fairly wide, spread and il. wji,s to be 
assumed that it was tin* cause, of ctnisideralile 
economic loss. 


{49’2 })er cent.) were posli.ivc at. t.jie si'i'ond t(;s1. 
Similarly of the bOH negative at- tin* tlrsl. test I0(> 
were positive at the second. 

Tabl'e ,1,1. 

Apparent ivlerrniUenvij of fwvretion of nfirji/orocri 
at ronHcrafire tesin 


Incidence of slreptococcun niantilin in huffaloen 
hi Lahore area. 


03 (IH’2 p<!r cent) 
im (l{}-7 per cent,) 
an (144 per cent) 
91 (13*1 per cent) 
90 {18'5 per cent) 
532 {16-0 per cent) 


Possible mtermittenep of excretion of Htreplococci 
The original estimate of a|>]>roximately Iti'U 
per cent infection was based on the results of one 
test only. A point of considerable importance 
however in ilcaling with this <iiscase is t.lie fact that 
there is in buhaloes an apparent iutermittemiy of 
excretion of streptococci. This is shown in Table 
n. Of the 730 animals examined, twice, wit h an 
interval of about three month, s between tests, 122 
were positive at the Hast test arnl of these only (10 

’■ J?or permission to publish the results from Parms 4 and 
.5 we are indebted to Mr Abdul Qayum Khan of the Dairy 
Bacteriology Laboratory, Jjahoro. 


This point needs man* thorough e.vaminalion. 
It may indicate limitalions of technique ; it may l)e 
due t.o e.oidaminanls preventing growth of strep- 
tococci, or there may be a true inU'rmitteiu'y ol‘ 
<‘Xeretion. In (he meantime it may })e said, that 
our ligurcs ilo not .sugge.st tiny relationship between 
intennitfcency of excretion and u,ge. or period of 
lactation. 

t Association of mastitis with age 

fn general it has been the iinding in (‘attle (h it 
the older the animal the more likt'ly it is to liave 
mastitis. This would ,seom a reasonaide a priori 
hypothesis ; other factors being equal tbere must be 
an increasing ineidems* with incri'asitig e.\[Josnre. 
That this is also the <;ase in hnifaloes is shown by 
the results recorded in Table 111. From this table 
it may be. seen that the pereeutage of pu,sitive 
animals increases from I2‘r) among animals I to 
. (1 y<*ar,s old np to :k) among animals over I I years old. 


Increase of mastitis witf adrani'ing age 


Age in years 

Numla'ruf 1 
unhnals i 
exaniiiK'd j 

I’t'reentaftv 

infected 

4-0 


2-1 


12-5 

'7 


83 


i3'3 

... 8 


202 


UJ-K 

9 


258 


2(i-2 

10 


24 1) 


23-7 

11 


157 


2re:» 

12 and over 


00 


30*0 


F. W. FMESTLEif AND D. AlmOLl 


257 


Ast^octafioii of iiiaslitis tvilh period of lactation 
!i- lius bf'cji sugp^ested tliat the early stages of 
]i!,cl ii.1'ion constitute the period of greatest suscepti- 
bilif}’ to inii,stitis in cattle. Our' results indicate a 
siniihi.r finding in buffaloes, though our numbers 
\v('r(‘ too siuiill i,o be statistically significant. It 
may Ik* brielly stated that at all a,ge.s up to 10 years 
there was a, gr(;ater incidence of mastitis during the 
first l!iindre<i days of lactation than at later stages, 
Summarizing the data it was found that of the 479 
animals exanniiied during the first hundred days of 
bidation 16'1 per cent were infected, and of the 
303 examined during the second hundred days 
10- 9 per cent were infected. 

Milk pieldn of infected and non-iiifected buffaloes 
It is accepted that cows give a reduced, riiilk yield 
when they become infected with mastitis strep- 
toeufsu but very few worko's ba\'e actuidly demons- 
trated this with figures. Minett ami Martin [lySfiJ 
sludie<l by slii,tistical methods tlie relationship of 
milk yield to infection by Br. abortus and Blr. 
at/a lari iit. In the case of the latt(u* they found 
that with Ayrshire cows in one herd the corrected 
yield was rtnliiced by 10-8 per tieiit, with Friesian 
er>ws in two herds the percentage reductions in 
corrected yi((hls amouuiod to lf)*5 and 19*5, 

We. obtained milk yield data ibr a .small number 
(d* buffaloes .scv<;n yeans old and over, '’(’be animals 
were exa, mined for mastitis streptoco(‘ei in October 
1911, a, ml again in rianuary 1913. The yickls ff>r 
Oeloljer, November and .Deetmiber, HH4, were 
lal>ula.te(| <i,ceording to t-be ag(‘. of t.lie aniuials and the 
stuge of laeta.tion at the time of the linst te.st. Only 
aaiimals which were negative at. both ticsts or positive 
at' bulb t.<>sts were, iticlude.d. 7’lie results hidicated 
tlia,t the yield, as would be expedited, iiicrea.scid a.s 
lacralion atlvaticfsl, a,t any rate up to 300 days. 

'.rABLF, .IV 

Arrraiic milk i/leUl {i}t lb.) over three months of infected, 
and n on-infected 7-11 ijears old buffaloes 


Period of iactatioii (in days) 
during whicii tho first test was 
carried out 



1-30 

31-100 

101-160 

151-200 

Noii-infecUHl . 

1586 

(89) 

2090 

(58) 

2371 

(31) 

2989 

(30) 

lufeefed . 

1131 

(21) 

2069 

(15) 

1197 

(11) 

926 

(4) 


Figiii'c.s in liffieketH re|uv,sc«nt jmin!)cr.s of aniiaala from 
whiel) i!V!Tiig<'ri laivc licen caleulated. 


In Table IV an* sititunarized the .results for 7 to 
II years old aninuds ; figures fur aniimils over 1 1 
years old are not iuclmbid since fciicre were so tow 
of them available. From the table it may be .seen 
that among non-infocted animals t.ho averago total 
milk yield in lb, for the three months increased from 
1,586 in early la<‘talion to 3,989 later; among 
infected animals, at hmst after they had f>een in 
lactation over 100 <lay.s, thor(^ was u, dee.roas(i in 
milk yi(dd, which miglit have been brought about by 
progressive in<luratiou of tho udder. Again, it i.s 
to be noted that at all stag'(\s of lactation the infected 
animals have given less milk than iion-infected 
aninuds. Wo think tliat fchc.se results, perhaps 
inconclusive by themselves, lend .supj)ort to the 
general belief that mastitis infection leads to a 
lowering of milk yield. 

VfMU’i nation 

In 8ept(‘nili(;r 191!, theic was an opportunit.y to 
carry out a, coiil rolled Viieeimitlum experiuuiut. 
While we did not expect vais-iiiation to b(‘, honelioial, 
i.he. op])ort;iiuity seemed too good to mi.ss and experi- 
mental work wa.s thorfd'on* (‘onummeed. Vaccine 
was prepared from five .strains ()f sireptucocci Isolated 
from buffaloes in tli<». herd conci'rned. All straims 
gave (i-bamioly.sis in de(*p Imrsc-blood agar. Two 
strains were long-chained, apparently typical Btr. 
a/jalactiw, while two (dher.s formed relativ'ely sliort 
chains, fermenting budose, tivhalose and sailed n 
but not maiiuits' (u- snrl)iii'. dMu' (ifth strain W4i.s 
sbort-chained and feriuentiu! all live sugar.s : this 
strain in addition, contrary to tin*, otlungfour, reduced 
1 in 5,000 methylene bliui in milk. The organisms 
were grown for -18 hours ou Fildes’ agar and tlnm 
wa,shed oft' with sterile .saline, tin* thi(‘k .susjnjnsion 
being beat,ed at 56°('. for four hours. HubeuHuro« 
made after this time were alway.s sterile, bhmugb 
10 per cent phenol wa.s ibeii addcul to give a. final 
concentration of 0*5 per eeut. and the suspension 
was .stored in the ie(*-(*hest until requin'd, A few 
days before ii.se, tie* sus]KMiMiou W4i„s diluted with 
0*5 percent carbol-.salim* to the rmpiinul density. 

Initial test of the mictd 

Since a relatively hu*ge. uutnbiT uf animals bad 
to be vacohiated, it wii,s e.s.seutial to hi; eertidn tliat 
the vaccine had no mark<!d delet.erious eff(u'*i. (m 
milk yield. Ten buffaloes were i-.herefon*, inoc.ulaOul 
subcutaneou.sly with 5*0 c.o, siispeii.sion, .st'.amh-U'dized 
to No. 2 of tix^ Weii<'ome. 0]»aeit.y Tiil)es (apiu-oxi- 
mately ()0(.)xl0« orgaui.sms pe:r e.c.). M(*v(m (bi,ys 
later these animals r(S'(uv(‘.d a second <lose uf 5*0 
c.c. ten timc.s a.s strong (i.e. twice a.s (bmse, u,s tube. 
10 of the sfcandard.s). iVlilk yield.s we, re recorded 
daily from seven days Ik'Cuim' tin* first inoculat i()n 
to .seven day.s afts'r t he. second infue.ulation. 
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Streptococcus Mastitis in Buffaloes 


Tlie LoUl weekly yiolfl in Ih. j'or eaoli of tke 
iUiiniaJs is shown in \ , It niny bo soon that 
the totii.1 yield of Iho ten ^inimals for the week pre- 
cedino: vacydnntion wns 691) lb., for the week follow- 
in;.,^ tiif! lirst ijioe.uliition 680 ll>., and for the week 
after the second inocMilution 7d2 lb. From these 
results it was concluded that vaccination would 
hiu^e no appreciable effect on milk yield. 


Table V 

Effect of two suhaulancous inoculations of streptococcus 
vaccine on the milk yield of buffaloes 




Milk yield (in lb.) j 


Buffalo No. 

First 

week 


>Sccond 

week 


Third 

week 

1 

81 


71 


98 

2 

, M ; 


63 


42 

. ^ 3 ' 

90,' - 

1 

87 

1 

113 

4 

43 ! 

1 

43 

.1 

30 

^ 6 A ! 

63 

1 

■ 72 

1 

72 

' ,6 . „ 

71 

*1 ^ 
§ 

63 


1 66 

■ ■■ ■ '7 

73 

> 

86 

% 

1 

90 

■ ' « ' 

60 

I 

, 

32 

ns 

39 


01 


98 

1 

112 

10 

83 


76 


74 

Total yield , 

699 


680 


732 


Vaccination of non-infected animals 


One hundred and jfifteen non-infected animals 
kept on Farm 1 were available for experiment ; 
52 of these, selected purely at random, were vacci- 
nated and 63 were left as controls. The vaccinated 
animals received two doses of vaccine subcutaneously 
at- an interval of seven days. The hrst dose con- 
sisted of 5’0 (’.c. suspension standardized to No. 1 
of the AVellcotne Opacity Tubes and the second of 
5’0 c.c, suspension ten times as dense, i.e. the doses 
were half those used in the initial test of the vaccine. 

A day (ir two prior to vaccination milk samples 
f)‘om all animals were examined for strepAococci. 
Approximately four months after vaccination milk 
samples wore again examined. The results are 
recorded in Table VI from which it may be seen 
that nine (17*3 per cent) of the vaccinated animals 
and eight ( 12*7 per cent) of the controls had become 
infected. The difference of 4*6 per cent in favour 
of the controls is not statistically significant since 
it is only 0*7 times its standard deviation. 


It may safely be concluded thc.refore that, vaccina- 
tion had been without effect as a means of preventing 
streptococcal mastitis. 


Table VT 

Efficacy of mceination as a means of preoentiny 
streptococcus mastitis in buffaloes 


- 

Positive 

Negative 

1 Total 

Vaooinated . 

9 (17-3 per cent) 

43 

62 

Control . 

8 (12-7 per cent) 

65 

83 

Totals . 

17 . 

98 

116 


Difference™ 4*6 per cent S.B,=st5’(> 

Vaccinafion of infected animals 
In addition to the 1 15 lum-infected animals, 
there were also available 38 infected animals ; of 
these, IT were vaecinatv.d and 2.1 were left as controls. 
From Table VII it cati be seen that 10 (58*8 per cent) 
of the vaccinated and 10 (-l-T'O per cent) of the control 
animals were negative four months later. The 
difference of 11*2 per cent in .tavovir of the vaccinated 
is not statistical^ significant- It may be noted 
incidentally that the finding that about 50*0 per 
cent of animals po.sitive at one test are negative at a, 
subsequent test is in accordance with ro.sults obtained 
previously. 

Table VII 

Efficacy of vaccination as a means of euriny 
streptococcus mastitis 


- 

Positive 

Negative 

Total 

Vaccinated 

7 

10 (68*8 per cent) 

17 

Control 

11 

10 (47'6 per cent) 

21 

Totals . 

18 

20 

38 


Difforenoo^ 11-2 per cent S.E,=lf)-3 
It was concluded from this (ixperiment that 
vaccination had not led to any cui'e. 


Eradication 

Anticipating that vaccination would In^ useless, 
experiments on {tradicafcion were carrhul out on 
farms 1 and 3 concurrently. The experi.monts were 
designed to test the efficacy of partial cradicai-ioii 
and also that of a more thorougli eradication. 

Partial eradication 

On Farm 1 there were six sheds of animals. Three 
of these were already in the vaccination experiment. 
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111 Septcniber ilM-l, the throe remaining sheds 
contained 100, 100 and 97 animals ; the initial 
numbers o(‘ infected animals were 27, 13 and 17 
respectively as judged by a single milk examination. 
In the last shed the 17 infected animals were moved 
to one eml ; they were milked and attended by two 
fimvalas, one incharge of 13 infected animals and 
the other itudiarge of the remaining four infected 
ifctogether wilh nine clean animals. In the first two 
sheds no ino>'ement of animals took place, and they 
were ill fact regarded as controls. In view of the fact 
that vaccination of animals in the other three sheds 
had no cfiect, these animals may also be regarded as 
controls. In other words, in September 1944-, 
there was one shod with inflicted animals at one 
end and five sheds with infected animals distributed 
throughout the length of the buildings. The 
arra.ngemonfs on this farm were not very satis- 
factoi'y and cooperation was only half-hearted. 
Ho milk examinations were carried ont on animals 
entering the herd. Jicncc infection had every chance 
£of being introducerl. 

^ Four months later a.l I animals were again examined 
and the results assessed. OF the 221 originally non- 
infected control animals, 39 or 17*6 per cent had 
become infcctecl ; of the 32 originally non-infected 
animals in the partially eradicated shed, five or 
per cent, had become infected. The differonce 
of 2*0 per cent is chnirly not significant.. 

It seems from this small experiment that in- 
complete methods of ej-adicatioii cannot be expected 


to copo successfully with the spread of mastitiH, 
Gonij)lete eradication , 

Farm 3 contained J1 sheds of milking bulfaloes. 
In October 1944, 'when a complete (ixaraination 
of the whole herd was carried out, tlio original 
distribution of animals was as shown in Table VJTl. 
Thus shed 1 had 57 animals of which nim'! were 
infected, shed 2 had 57 animals of which five were 
infected and so on. On this farm the mamigernent 
was very much more cooperative and experimental 
conditions were more favourable. 

A day or so after the first test it was decided to 
eradicate all infected and doubtful animals from 
sheds 3, 4, 5 and 8 and replace them with negative 
animals from other sheds. These four .slnuls wciv 
selected because they were in a position on the farm 
where drainage and passag(^ of milkers was aiiufi/ 
from and 7iot through them, 'fhe actual tra.nsf(M' 
was carried out as follows : from shed 3, four doubtful 
and seven infected animals were rcinoV(‘d to shed l(> 
and replaced by 11 negative animals front slu'd Jo ; 
from shed 4, one doubtful and. five infected auinials 
were removed to shod 10 and replaced by six Tiegtitive 
animals from this shed ; from shed 5, seven doubtful 
and five positive animals were reraovttd to slmd ! 1 
and replaced by 12 negative animals from sintd 1 1 ; 
and from shed 8, three doubtful and nine inJect.t'd 
animals were removed to shed II and rc.phi.(M*d by 
12 negative animals Jrom this shed. 'IMiit distj-ibu- 
tion after this move is shown in Tal»le Vlll. 


Table VIIX 


Ejjccl of eradication on the distrihution of mastitis in haffaloe-s 


Klicd No. 

Original distributiou 

Distribution after 
drst te.st in October 

1944 

Distribution in January 1 945 


Number 

of 

animals 

Positive 

Number 

of 

animals 

Positive 

Number 

of 

animals 

Positive 

1 

, ^ 57 

1) (16‘8 per cent) 

57 

9 (16-8 i)er cent) 

66 

10 (29-1 per cent) 


2 

57 

5 (8*8 per cent) 

57 

5 (8-8 per cent) 

47 

7 (15-0 per C(!nt) 


"Oontriil 

slieds 

() 

. 51. 

il (2 Id) per cent) 

51 

11 (21-0 per cent) 

54 

11 (20-4 per cent) 

7 

. 54 

11 (20'4 per eenti) 

54 

11 (20*4 per cent) 

53 

15 (28-3 per e(mt) 

i) 

<•. 

JO 

50 

7 (12'5 per cent) 

50 

7 (12-6 per cent) 

55 

18 (32-7 ])er cent) 

5() 

11 (lOdJ per cent) 

65 

23 (41-8 per cent) 

51 

31 (OU-8 per cent) 

■■ ■ 11 

57 

JO (17-5 p('.r confi) 

57 

24 (42-1 per cent) 

49 

24 (49-0 ]>er cent) 

■ ■■■ '3 ■ 

.58 . 

7 (12'1 per cent) 

58 


40 

0 (15-0 per cent) 

1 

1- 

> Knwlicit.lioji 
slueds 

1 

1 

'4 ^ 

59 

5 {!)-3 ]ter cent) 

69 


40 

7 (15-2 p(u- cent) 


5-! 

5 (O-l} p(‘r cent) 

65 


06 

-1 (7-1 per cent) 

H 

m 

9 (to-! per cent) 

50 


43 ■ i 

8 (18-0 piu- cent) ' 
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Streptococcus Mastitis in Buffaloes 


If fclic ob.scrvutioH.s ur<' ooiilitH'd lo .‘Miittutls iicg.it.- 
live at the Ufst tc,st. witicli i'ciit;uiu‘d iu the ht'vd 
for the whole jx^riod of ihn'ii jiioittlts, i.e, excluding 
idl,tiew entries, nil idea ofthenci.tnd sjirciul of niiistitis 
uiiflcr dilTerent eoudition.s will h<; oitiaincii. In 
Table, IX we. give, fdie ri'.snlt.s of' (Ik*. ex;t,ntiiiit,f iioi of 
(he iurijuals eotUK'i'iteil. In kIk'iIs I, 2-, (1 ;unl 
7 among .167 originally negii.live aniniids then* were 
id or roughly 10 jicr cent new infect, ions vvithin (he ^ 
three months; .similarly in .‘^ht'fls 6, d, o dnd S of 
the 123 originally negative auiiuals :).l)oii(. 10 per 
eent became! infect.e.tl. The removal of infe.{.((*d 
animals had nob therefore appreehibly etldK^tcKl tin*, 
normal spread of the disease, In .‘^heds 9. iO and 
11 where the inititil infection rate was iniudi higlier 
(over 30 per cent) and a constant. su}t}dy of infeetion 
was inaintained, tln^ .spread to Tit'gatis'e animals 
wa.s much more pnmouneed ; of the, 9.6 origiiially 
negative, aniimils .’If) or .3(ciS per cent !)eeunie iuteeted. 


From this time onwards .for the next three months 
milk samples were examined from all animals prior 
to their entry into the milking herd. Only animals 
with negative milk samples were, allowed into the 
four eradication sheds. In thi.s way it was hoped 
to exclude infection. Owing to the assumed int(n*- 
mittency of excretion of .strepto(?oe(;i it was ct)n- 
sidered inevitable that a few infected animals would 
slip through, especially as only one test was carried 
out prior to entry into the herd, and this a day or 
two after calving. Actually, owing to an adminis- 
trative error, one known infected animal was admit- 
ted to shed 8 about one month before the completion 
of the experiment. 

In January 1945, the w'hole herd was again 
examined with the results shown in Table VlII. 
From this table it is clear tliat after three moutlus 
the eradication .sheds had considerably fewer infect- 
ed animals than tlie control sheds ; thus in the 
eradication sheds there wen* 185 animals of wfiioli 
25 or 13*3 j>er cent w^ere infected, wlicreas among 
the 3f)4 controls 122 or 33' 5 per cent of the animals 
were infected. In view of the fact that sIkkIs 9, 
3(J and 11 were repositories for infected animals 
th(j compari.son of the. eradication .sheds with tlu,*; 
grand total of the controls is pcrhajis not a fair one. 
Howmver if only sheds 1, 2, b and 7 of the (xintrols 
are considered there will .still be found to 1x5 a 10 
per cent diflercnec, since among the 209 animals iu 
the.se sheds 49 or 23"1 per emit w(*re infected. 

Tabu*; IX * 


Hpreail ojmistitis amoiKj oriyimlly ueyative huffaloex 


8hed No. 

Numbers of 
negative 
animals in 
October 
1944 

'Number of 
positive 
in January 
1945 


Percentage 

positive 

iu January 1946 

1 

43 

8 1 


1 10-2 

2 

19 


8 

36 

'■■■ 1 

7 

39 

4 


.42 

13 

1 36-8 

10 

29 

14 

11 , 

24 

8 ■ 

3 

26 

3 


[ 9*8. 

4 

, 25 

3 

5 

46 

■ 3 j 

8 

26' , 

“ i 


DlKCU.S.SlON 

The (lata jnvseutocj in this paju'r suggest that 
streptoeoecuH inlec.tion of the bulTalo udder is 
good deal more prevalent than is generally suspe(*t'’d. 
it. would stwm that iideetion is sjn'oad primarily by 
the mil lams. It i.s the practice iu‘re for om! jjtiioi/ffi 
to attend to and milk about twelee or thirtee.ii 
animals. When inhuition appears, it arises in group, s 
of animals standing in adjaiHmf. .stfunlings : as a 
rule tho.sc foci of inter, (ion are trif/iiii, a, p<i.rticiilai‘ 
(jawnlaH domain and do not, overlap t,o t.in*. mixt. om*. 

A factor whi(di may be, of jiritue imjiortance in 
(■reating or t'liminating mastitis i.s the intfirmit f.inie.y 
of excretion of sfcreptoeoiioi ; this i.s perhap.s e,spe(*ia!~ 
ly the (‘a.se in huii'aloo.s. It is clear tiiat a single 
test of the van Hensburgh tyiie will not be .snflieieni, 
to pick out all infec'tcd animals, iiefcri'ing to Tabhv^ 
II, for instance, it may im .seen that of (.he 5(51 
animals negative at the second b(!.st, (52 (Ibo pei* 
cent) were in fact known to he infected from the. 
result of a previous tost. Thi.s is a seriuu.s dillknilly 
and its only solution at tli(*i moment lies jn re,pea(.e,d 
examinations of negative aninurls. 

In spite of the many difficultie.s onr re-fidts t(*iKl 
to .show that mastitis control in huftaloes is a prae.bieal 
and probably an economic propo.sition. By r(.*li,- 
tively simple nmthods, wc have managed to limit 
the spread of the di.seasc for tiie siiort, pe.riod tliat. 
the animals wenj umler mir oont.rol. Had repiiated 
teats been (‘arih'd out on tlu! negativ(.‘ auiin:i,ls, we | 
eonhl presumably have iseliieed the iuimlence of 
the disease still more. 

In view of the present and likely future, posit.iou 
of the buffalo as a inilk-jirodueing animal in thi.s 
ooimtry, the most important featuiv brought, out 
by the work rwuirded iunc,! is the simplieily of the 
technique described as a m(*aus of diaguosing st.ivj)- 
tococciis infection. In this counti'y, at. }Uiy isite 
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nriiig llie sumjuer given ti few slides and 

a supply of Newman’s stain diagnosis can be made 
by anyone j)roficicnt in tlie use of a microscope. 
Even if trained microscopisfcs are not available, tlie' 
diiliculties will not bo overwhelming. One of the 
diffie.ultios in denJing with mastitis in the past has 
been th<5 lacdc of lalioratory facilities. Milk samples 
reaehing a lu.bofaiory from any great distance 
iKitundly arrive in a putrid state due to overgrowth 
<^^f eonlajuinating orgouiisms, unless stejts are taken 
io ]>revt'nt Ibis. The, deep blood agar ])lating 
teeliriiqiie, has been a failure under such conditions. 
Now, with the inonbafed milk technique available, 
the solntinii is o))vious. Samples can be eollected 
in sterile inljes and incubated near their , .source ; 
in the summer months in the greati^r part of India 
inenbation will be unnecessary, as samples can be 
1 left standing at room temperature for the requisite 
'• time. Afler 18 to 24 hours smears can be made 
‘ and forwarded to a laboratory wlum and as eon- 
; veni(‘nt ; or if necessary a few dro])s of formalin or 
othoi* preservative can be added to the milk samples 
and the whole tube sent for examination ; any 
,^8|^reptneoeei ])r(*sent would by then have grown out 
and would remain \mall'(‘et(;d by the preservative 
while, the })reservative itself will prevent any further 
growth of outside contaminants. This technique 
1 is not only simple but quick: as an example, it 
■ may be noted that in this laboratory on one occasion 
; two workers prepared, stained and examined 561 
smears in one day (under eight hours) : incidentally 
■■ all the smears we.ro exiuuined ))y one man. If 
smears are already prepared and sent for diagnosis 
one small laboratory can therefore tpiite. easily deal 
with sevc'ral thousand specimens a week. 

Wf» find tliat this is an important observation 
•^=,.^hi(d\ ueetls emphasis, ]>articularly in areas from 
w'hieli laboratory fa,eilitics are distaiit. If any 
I mastitis control has been considered in the past, 
i the })oli<‘y a<loi)t.ed or suggested mn.st have been 
i inHuencet'l by tlse tlum great praetiiea,! difficulty of 
V diagnosis. 1’his ditiumlty has now been removed 
and tin; policy can be rnodifitnl accordingly. 

{ 81TM.MARV 

j 1. Examination, of 3,322 milk buffaloes on five 
' diffiront farm.s })y tlie technique of iuciiliated milk 


samples revealed an avetage of 16-0 per cent strepto- 
coccus infection. 

2. Infected buffaloes apparently excrete strepto-^ 
cocci intermittently. As many as 50 per cent known 
infected animals may be negative at a given test. 

3. Additional evidemm is brought in favour of 
the general belief that the incidence of mastitis 
increases with the age of the animal, and that the 
early period of lactation is the pcriorl of gi'eatc.sl; 
susceptibility. 

4. I^ome evidence is adduced in favour of the 
belief that non -infected animals give a higher milk 
yield than do infected ones. 

6. In our hands vaccination as a means of jjre- 
venting or of curing the disease has been, quite 
without effect, 

6. Eradiealdon by the removal of infected animals 
is indicated as a practical proposition. To be 
successful strict adherence to comnionsense priuciple.s 
must be enforced ; any relaxation of these principles 
is likely to lead to disaster. 

7. It has been noted that the spread of the disease 
is materially affected by th.o number of infected 
animals present, at least when these are above a 
certain minimum. 

8. 'fhe simplicity of the technique described by 
van Rensburgli. ami its possible role in a national 
policy of ma.stitis eradication are eniplia.sixed. 
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* inA,TOUIiSaENCE IN CMS AN,U DETECTION OP ITS ADULTBRATIOX 

’ By K, T. Aceaya and B. N. Baner.ter, Department of Biochemistry, Indian Institute of Science, Bangalore 

i: (Received for publication on 18 June 194.)) 

The lust, 25 voars liave seen a rmmiTkaide incivaso in some detail -butter in. the West [Haitinger 

■ ill the liUM-nture of lluorest'em'e. analysis in ultra- Greiigros ami Sehvilt/, 1927], and its counterpart 

■ violet, lighl. Dairy prodiiels haV(> bemi examined ghee in India. Jha [1939] and Muthanna and 
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ukluH’ji [1940] snggftsted that adulteration of 
ee nj) to '10 per (!cnt was detectable ; but Narasim- 
iniuj'fcliy and Hiii’yanarayatiamurthy [1940] found 
)tifljoi::ing fluore.siience colours for ghee and were 
opinion that the metliod offered no hope. 

It was thought profitable to make a rather more 
stendod study than the previous workers and take 
ito account a f(‘.w at least of the numerous factors 
hat {‘oniplicudft any examination of a physiological 
)roduct like ghee. The practical aim was to see if 
t was ]) 0 SHible to detect easily the adulteration of 
thee with foreign fats^ For this reason, the test 
Anas kept q^ualitative only. 

A Hanovia,n -shaped mercury arc was used as 
the source of light, and a uviol filter used to cut off 
all but ultra- vioi(',t light. The samples were examined 
in thin tubes of non, -fluorescent glass in a dark room. 
O})servations were made at room temperature 
(2fi°-26"C.). The results are arranged to facilitate 
discussion. 

T.a,ble I 


Milk and milk products 


kS'atnple 

( .'olmir l»y day light 

l.'oloiir by ultra 
violet light 

Buffalo or cow 
milk 

White 

Bright yellow 

Butter 

White solici, colo- 
urless liquid 

Yellow when solid, 
i greenish yellow 
on melting 

Buttornulk 

White granular 

Dull yellow 

tJurd 

Thick wliite semi- 
solid 

Dull yellow 


The yellow colour of these products could he 
expected to he jwesent in gliee^ if at all, in very 
inimite quantities only u.nd therefore, would not 
interfere, to any appreciable extent, with the 
flnorescenee colour 

Table II 


' Adulterants o/gliee commonly used 


Sample 

Colour by day light 

! Colour by ultra- 
violet light 

Crude cocoanut oil 

Pale vcdlow 

1 Fairly dark bhie 

CIrude groitudnut 

Pale greenish ycd- 

! Bright purple 

oil 

low 

Groundnut liard- 

Colourless semi-. 

Very bright purple 

ened oil 

solid and liquid ■ 

in both semi- 

Cocoanut harden- 

do. 

solid and liquid 
states 

do. 

ed oil 

Cotton seed hard- 

Colourless waxy 

Pala blue when 

ened oil 

solid, melting to 

solid ; bright 


colourless liquid 

purple on melting 


, All these fluoresce various shades of blue and tins’ 
is an encouraging feature from the- point of view 
of the analyst. 

Some wo.rkors, e.g. Mushcr and Willoughby [1929] 
state that the method of expression, or extraction, 
of an oil has some effect on its fluorescouuu To 
see if this was the case, a deeper study was nut-de 
with groundnut oil which was easily availa-ble. I’he 
results show that the difference is only one. of th^gn'c, 
and, as such, has no bearing on the cjualiiuli'.'c^ 
detection of adulteration. 

Table ITI 


A study of groundnut oil 


Sample 

Colour by day light 

Colour by ultra- 
violet lightev-.^ 

Cold drawn pro- 

Pnlti yellowish 

.Bright purple 

cessed oil 

green 1 


Heated and drawn 

Light yellow . ! 

Pale blui.sh violet 

oil 


Refined and blea- 
ched oil 

Very pale yellow . , 

Hark sky l>Iuo 

Pale lilac when 

Unrefined hydro- 

Col(»nrle.ss both in 

genated oil 

tlte solid ;uid , 

solid j dark violet 

nioll<‘n .state 

' on niehing 

Fim.shed, deodo- 

Colourless solid 

Light blii<! when 

rized, hardened 

and li((uid 

HofiVl ; dark blue 

oil 

on melting 


.In Tabh^ fV are recorded tlu^ iinorescence ; 
colours of some factors that inighf- possibly enter * 
into the fluore,scencti colour .shown Ia' g/iea, 

Lustig and Eotstiber, and Niethanimer as quoted ; 
by Radley and Grant [1938] record a pale yellow 
colour for butyric acid and a deeper purph*. for 
oleic, probably because purer su,niples were nsed^.f'-| 
The free acids could therefore be expected io give 
a blue colour taken together. Tlie fna* a-cids <'X}.ru,(*ted 1 
from a rancid samj)le ot' ghee (amounting to 4*5 ])er | 
cent expressed as oleic acid) by neutraliijation, I, 
removal of the soap and siibsinpumt liberation of 
the acids, gave on examination a bejiuitiful jjurjde ? 
colour. I 

Carotene gives an intense yellow colour : and I 
chlorophyll extracted from huives by the method ^ 
of Willstatter and Htoll [1928] a ridiy r(>d colour. ' 
The latter however would be an iiisignilieant cousti- 1 
tuent ghee if at all. Anuatto does not lluoresce, ^ 
but the dirty red colour it im])arts to ghee is ('asiiy i, 
removed with animal charcoal, Laeioehrome sol# J 
tion was obtained by Wiirsters’ modified methoil 
[Radley, 1933] from whe.y ; it is an im)K)rtaut cons- ' 
tituentoffreshy/icc, but is easily destroyed on sl-orage. ‘ 

It has been suggested that tiie \in,saponifi;t.bl(‘ ; 
matter from ghee and from oils niiglit fluore.^'Ct' 
differently. The result, s, howe-ve.r, wen* unifoinuly’ 
disappointing. Th<^ unsapotdfiable mai-ter was' 
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Tav.lr IV 


Vonsllhiciiiii of ghco uud milk, cohuthg matters, 
brnd'dawn prod acts, etc. 


iSani])Ic 

( Vilour hy day light 

Colour bjr idtra- 
violet light 

iritis 




Colourless liijuiii , 

Colon rlc!.s.s liquid 

Biityrii; . 

do. 

Bright purple 

Ste.-ii'ic . 

Colourless solid . 

.Beautiful violet 

OU-if 

Pule, oiange yellow 

Pal(i purple 


iiqiiitl 


Colourless liciuid . 

Pale lilac 

Other mssihla con- 



sliliicttls 

Alcohol . 

Colourless liquid . 

^''erv jaile blue 

(tlyccHno 

Colourless viscous 

Extrcinelv faint 

liquid 

blue 

(’holc.sterol 

White, ers’st alliiH' 

Bright, purple 


flakes 

cioloui’ 

luu-to.si- . 

Coloiu iess solid 

Pale liliie colour 

.Vnlti/vl and (irli- 



Jtrial roloii/'iiiij 
nutUers 

(’; 0 ‘of<*ne soJu- 

Pale y(‘llow iu eery 

Bright milky 

tioii in fioli-dl 

dilute solidion : 

yellow ; rc,si<lue 

ether 

orange residne (ai 

yellow' ou evapo- 


eva[)oi'(itiou 

I'iitiou 

t'liloropliyll so- 

Pale gi'een solu- 

Beautiful j'uby-red ; 

lution in 

timi. greej'i re- 

on evaporation, 

S(i })cr cent 

sidue on eva- 

yellowish-red 

iicctone 

poration 


Anuiiito in con- 

Very dark blood- 

Dirty redish- yellow' 

c('ulrid(‘(l so- 
lution 

red 


IMu'e iuimitto. 

\'ery dark orange 

Dull orange-red 

I'.ilO u((ueous 
.Hohitiou 

red 


Butler colour 

Bright retl . , 

do. 

niiul(“ from 

uijove 



iaictoehrome so- 

Pale greenish yel- 

Bi'ight, greenish 

lution wafer 

low 

w’iiite 


oxti'jictt'd ljy t})(‘ .sin>[»k‘ iuoIIkk! ['(‘roiumejidocl by 
Ikin, Ktm, uii<! Aloon- [ 1 1)37 j. 

It lius bfi'ii wugg(‘sii‘il by Morgt'n uuti MuoLennaii. 
jH)2b|, et(‘. that flu* blue colours obtained are due 
to vitiimius. They nuiy also j)o.s,sib]y be due to 
sterols. C3iol(‘,storo! lias a. blue lluoivseeiice ; and 
erystals ot {tljuil pliytosti'n^ when examined Bhowed 
a light purple etJour. 

Finally, 1 he results of the exiuninuLion of ghee 
itself lure given in 'ruble \' 1 and tlisiuissed. 

T!ie lirst suggtsjioji is l lutl the eoloiir range is 
wide and errit<i<'. However, it is seen that 
(1) no fresh ///or giv(‘s any tint of blue, (2) old 
and very whin* ////ee gives a blue .slnule and (3) a 
yellow euloiir in ghcr reveals itself as a yellow colour 
in lluoreseent light. Tin* observations on carotene 
come to inind, It seems as if e.arote.ue tnasks the 


'PaBLE Y 


LtiisapO'iii/iahle matter from ghee and oils 


iSample 

( Vdour by rlay ligld 

(jolour by ultra- 
violef, light 

yindlii cow t/hrr, 
r.athoj' old 

Yellow oily glolad- 

Bright bluish violet 

Murrah tudlVilo 

I’alc yellow \ iseous 

Blue with gieeo 

f/hre, three years 
old 

liquid 

tinge 

Diieea f/her, .Inue, 
1042 ■ 

Yellow .slimy li- 
qiuM 

Bluish yellow' 

Porbunder Imll- 
alo ghee, Feb- 
ruary, 1042 

(.tolourless oil 

Bright purple 

..... . 

.Fre.sh buffalo 

ghee. 

Yellow oily drojrs 

Bright bluish piirjjie 

Ohee prepared 

from soured , 

cream 

Wliite milky liquid 

Bright bhu' 

Groiiudmit hard- i 
ened oil 

PiUe yellow oil 

Bright liliiish jmrple 

Oocoauut liard- 

cned oil 

do. 

do, 

Cotton seed imrd- 
ened oil 

Silky while er\s- 
tak 

Kaliiy briglit irlue 

l.'ocoanul oil 

Yellow oily !i<|iud 

Bluisli violet 


Ta nuK Vl 
Fluorescence of ghee 



Sample 

Colour by day light 

(kthuir Ity ultra- 
vioh'l light 

1 . Fresh l)U fl’a lo 

ijhrd 

.Pale yellow solid 
and liquid on 
melting 

Pule greenish white 

2. Fresh Imlfalo 

Pal<! veliow .solid, 

Pale greenish while 

t/hee gone .diglit- 

alnio.st <“olourk‘Ns 

witii tint of 

ly rancid 

on nielfing 

blue 

3. Cow tfher, -fro.sl) 

Bright. yellow 

li(|uid 

Bright milky yellow 

4. Old ghees-- 



(a) Hariana 
cow ghee. 2). 

Golden .veilow liquid 

Light blue 

yoar.s 



(h) Ayrshiie cow 

Bright yellow 

Bright eauary yellow 

ghee, 2.1 years 



(r).Sindbi cow 

do. 

do. 

ghee, 2.1 years 



((i) Miurali bulf- 
ak) ghee, 2.1 
yeaivs 

. Dirty yellow !i- 
(piit! 

Bright, gremush bhie 


true colour of tlui ///nr, n.nd that its nuuoval 
might yield better iidbrtuat.iou. 8oiue of tin,' abovi*. 
samples of ghee wove tluu’tdbre bleaehetl wit h !(i piw 
cent of animal ebareoal fnr 20 seconds and tiltcred. 
Also a petrol-ethor sohilioti fd' eaa-otene (('xtra.eted 
from dried carrots) was addml dr(jp by drop to 
these bleached samples till tdie colours matcheil the 
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originaJ.s in a. Lovibonfl ''rink)nieter. In, ovory (‘asa 
the. original fluoi'ost'cnt- colours were roston'd. Tin* 
resiiKs of ith'acliiug arc given liulow (Tii,blc Vll). 


taklk vn 

lU(‘(U'hbtij o/glieo 


Siiitqilo 

Poloiir by day liglit 

Colour by ultra- 
violet liglvt 

L Sample 1 in 

Coiuurk'ss lifpiid 

Fairly Itrigbt green 

Table V'l 


tint 

2. Sample 3 in 

Very pale vellow 

Pale greerush yel 1 o w 

Table VI 

liquid 


3. AyrsMt'c cow . 

Fale yellow 

P a 1 e bluis.h green 

4. Porbunder, 

Duile colourles.'i . 

P ale b I u e with 

February, 1942 

tint of purple 

f>. Dacca. Jann- 

Very |)a)e yellow . 

P a 1 e b I 11 (* with 

ary, 1943 

green tint 

6. D ace a, .June, 
1942 

do. 

, 

do. 


They indicate that the. ago of a .sam]>lo is rovoalod 
in a progroHsivo blue colour, often masked by tlic 
yellow colour of carotene. For e.xamjjle, the very 
white Porbunder Baniplc t (''I’abh' VJl) ga,vc tlnnsaim.' 
colour even after Ideacdiing ; and the gre.eii tints 
of samples 3, 5 arul (i may bo exjdainod as r(>snlting 
from the blue as a consequence of agoing toe<-|])er 
with tliG slight residual yellow of carol ene, 'flu* 
following results (Table VIII) in every case coufirni 
the deductions stak'd above, and judiciite thii,t a 
fresh fat should give a greonish-wliite sluule on 
. ideaedring. 


'.PaBM! Vdll 

AdilifiiDud J! uoi'oumtiee aolours 


Sample 

(‘oloiir by ibiy ligbi. 

Colour hy iiltm- 
violel. ligln; 

(,1ie,v f//n'e, fre.sii . 

Bright vellmv 

Bright vellow 

Cow i/l'fc. bh ached 

tpiite oolinirles.'! 

Pale greeiiislt while 

’ Akola (Niunple 

k'airlv bright 

Pale. Vellow 

IS) cow f/Itor, 

1 21 Tears 



. Akola (Sample 

Palo yellow 

Pale green uilh 

1 , IS) cow (/her, 

bleached 


blue tint 

Akola iS.imple 

'do.,: 

Pale bine witli 

\ ^ 125) C.OW 

' i'' 2.1 years 


I'aiiit grei.'ii tint 

Alcola. (Sanqilo 

Colourless 

Pale bine 

12.n) cow i/licr. 



bleached 

’ . ^ Akola (Sample 

Pale yellow 

Pale blue with 

^ / 9f5) cow (jhrr, 

2\ years 


green i.int 

1 Akohi (Sanqtle 

Coloiirlesrt 

Piilcblne 

, 1 90) cow ijhre, 

i bleached 




taulk 'VI ri 

Aihlifioiial Jl n>lt)iirs 


Hii.mple 


jiuffalo IVesli 


Buffalo f/hec, iVesh 
bleached 

Iv y a 1 1 p u V (jh/'c. 
May, 1912 

Lyallpur 

bleached 

L V a 1 1 p u r ghi f!, 
Aiuti. 1942 
y a 1 1 |) u r (ffiw. 
blenolied 

Kirkee JS'ov- 

emboi-, lIMi 

J\irkce g/wc, Ihsv 
eutber, 1941 


(lanliati, 4iily, 19-1 


Giiiihati, July. liM: 
bleaelied 

Cow ijlifi', cream 
(M’oet.'.sH 

Cow curd 

[)r<tceKH 


(tihmr by ibiy lielit 


Cnlour by ull,ra- 
violet Helit 


Faint yelhiw 
(.'olouricss 
Fale yellow 
\'cry pale ycllcw 
Fail' yellow 
\’et\\ pale yelho\' 


Hardly iiereeplibh. 
vcihnv 

,Sli;ditly darker 
y e I I u w l It ii n 
atiove 
Fale yellow 


N’ery iiiiii! ye 
ACilow 
do. 


(Ireeuiah willi tin! 
of yellow 

(Ireciiish w i t h oijg-^- 
tint of yellow 
Fale blue willi 1.1 nt 
ol' green 
Fale blue 


Fale blue with tint 
'f gj-een 


Fale blue 
Hriuld Ijhiisli j)ur))le 
do. 


Fall' yellow tinged 
with green 
Filin' blue 
f.ouch ol’grei 
Hi'iglit Velio w 


witJt,.^’% It 


I’righl 
lain! g 


yellow. 
>en tint 


'flic ageing irr////ci' rcstdls in v;t,riou.s change.s, and : 

these u,|)|»ear to be indicated in a- bine .siiadc. To I 

test this hypothe.si.s, ///u'c.s' were nuiiniained ii,t I 

DO'Ti. in tliin films expo.sed to the alinosphere 1 

for 'IH hours. While thi.s does not. invoU'e ; 

the same organic ])roce.sses as norm;i.l raneidifieation g 

[.Ibuiks, I b'M j iht^ results are interesting in lln-'.l | 

ihey show the marked bine colour ])roduccd in 

which were a.ll quite eolonrh'ss a.fler the | 

tcattnient. , | 


T.xHi.K IX 

Afiriiljl q/‘ghec 


Sample 


Fresh I.id'lalo i/i;i e 


67n;e, from .soured 
crciini 

Fre.sJi c'inv . 


( loloiirins 
do, 

(in. 


I 'uloitr by alt til. 
\iolni 'liidn 


F.eaiit ifiil i) I a i ;; h 
violet 

do. 


. . Bcmmahv 

1. d'hc lliiorose.t'tice of t/liri' ioni it.s .-mI ttl I crit n I s 
ill nltra-vioh.'l light Inis la-mi slmlied. 

2. 'I'lie jirulioiniced elTcci. of (au-of one oti I he c.iloitr 
has been established, 'J’lie .sample should 4 dways, 
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iiicrt'Jore, L)t>. !)Jr<i,cii<'ci witli iiiHUiai cliarcoiil (10 
pi'i- cciij-. lor 20 secnitds) prior to it. N’iewinfj; of tlio 
colour. ■ 

d. Old cud ivtiicid (jh<r /jrivf's fu-ogrcNsivcIy blue 
sluirb's : nio.si- udulf cr^uits of ghrc tdso Huurc.sce 
hliK'. Tlicrt'foi'ii ;upv riu<i,i>c.sl iou of ;i. l)lu(' tint ill 
;i. bb'judicd fjlivv, indi''}i,lt'N cilJici' luol (jiudity or 
udidterutioih 

.\( - K N'O W U I'lIlG F. WENT 

d.'lio v.’«)rk WHS (lone under 4i, scdiciue linanccd by 
(.lu\ ’Imp(.'riHl (.'ouncil of Aorjfullui'Hl {(.{'soundi to 
whom our tliHnk.s are due. 
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HTl’Dlk^S IN TltANSlM)U,T ()K l\llIAv IN WAllM. OONDITION KoH MAM 
KNTINN PllHiH)SKS 

l. KKMPINd quality OK KA HM -iMlODUCKl) ANJ3 IMlOUESl^ElJ AMLR 
By K. K. Des.m, (i. hi 'ihiAKUK and K. U. Skm, !mp(.'ri:d Dairy '.llesoiurh Instilnlo, ibinoalorc 
( Kei'iiivwi l(»r pnltlie.'dion on 17 iSeptomber 1945) 


It is noAV recogni/.cd tlia,i in livirienic supply ol' 
niilk iVom rural 4i,r(ms to nrlnin popuhiliou refri 
fnu’iii ('d .sy.s1(‘ni of ( raaispoi't oectipie.s a, luo.si prniui- 
nenf. jtosiiion. Uiifnrl unadely under prc.'^cul coii- 
dilions, llti.'-i in\ (lives hioli inilia.! cost ;t.,s well i).s 
high n'curriiig cxpendiOirc. Since I.Ik' chiel' cause 
of .spoilage of nullc is ba,eteria.l conl;i.niiua.l.i(Ui, it is 
d(\sirabh’ lo lind out if other met hods of tr(n!l- 
luciit sindj as Inuding llu' jiiilk to I he pa.sleurizing 
tetnperal urcj whicdi desti'oys ii. nui.jor porlion of 
the orga.nisins, coupled with its 1 r,‘i.ns[iorla,l ion in 
II ji. hoi (‘onditiou would la', successful in preventing 
the spoihi.ge. 'File idt'a is not a, new oiu* a.s il(*rn- 
sl(*in 1189.21 claimed good ta'sidl.s in the tr;i.ns])ort 
of hoi milk 4i.t TD"!'. bt'l \v('('U [hunbiirg and Bi'ilin, 
41 . r4!.ii\\4*y jounu'.y of 10 hours. On t lie other Imnd, 
Ayi'i's ;uid -l(dnisou jl92.‘)l rt'xiewi'd 1 In' [Ka'it.ioii 
.and ciune to the coiielusion 1100 '. milk could not 
h(' kept in ;t good ('ondition for 21 lumrs 4il 4), tem- 
pei'iiture of .bO "-(U4 U. !i(>e:uis(‘ of 1 lu' growth of flier- 
niophilic b;i.cteria. No iV'cord of similar work e4i,rried 
mil in lmli;j. umh'r eoni.rolle(l conditions is 4iV4J.ilab]i3, 
hut it is report ('d I lurt it is a, eomumu ]M‘a.ct.ie.e adopt' 
ed h\ some .Military Dairy ILirms to i.sstu' hot' milk 
(Mb i<\) lo eu.slomer.s (hiring sumuu'v mont.hs.'*’ 
The milk ha.ndled in this wii.y is prob4i.l)ly eonsunmd 
in 41 , fe\N' hours' time, .\not.her met. hod, piN'iet.ised 
h\ till' Iiiili'uh. speei4t.Ily in uortlicrn lfidi4i, i,s to 
k('('p the, milk simmering for 7-S hours 4i,jj(i then, 
dispose it of ;is deimuuh'd hy tlj(' eiist.oumrs. In. 
this method, tlieia' is Jio donhi l.lmt f,ousid('r4i,ble 
cia'inicid ch.a.iige.s 4 i.i’e hrouglit ;(,hout. 

* Ei'iwit on iht murkHiny of milk, 1943 


As till' "holding' method of i>asl('uri/iUU)n, 
in whicli milk i.s he.'ited to ! bb' K. •t,ijd ]u‘h.l 4i,t tluit 
ta'inpeisi.t lire for (i4i.lf 4i.n hour, i.s eou.sidored to lie 
suil;i,blc for (lestroyiug mo.st of the organisms, it 
is pv(dia,!)ie I,h4).t if thi.s li('4t.t('d milk is f-ept i',t rnore 
or les.s the .s.'itiie tempetMture. the .-d .'1.1)11113" '’f 
milk will be proh.mged for ;i, sii llieient I \ long period. 
So I h;!.i it e;!,M be t,r4i.nsporl ed o'v’er long disf euees 
wit lion! giving ri,se. to umle.sir4),b!e elH'ini'Ml ch4i.uye,s. 
If this is so, muelt of t.Iu' expendil lire on r('!Viger.'i,ti<.>n 
(“oidd be a,\oi(ie(l 4U)(I i h(‘ cost of (isin, -sport is liki ly 
t'O be redne(‘d. In or'l('r t.o obi.'iiii some (h'tbiif.e 
inforniidimt on the siibjcct, sy,s{''m4i,tie experi-^ 
inenis li.'!,\'e heeii shu't.eil in I lies(' hi.liorai,! ories :i,nd 
in the p!'es('ni com lu iinioi.lioii. some n'siilts on t.h(' 
keeping (pnUity of (a.rm -prodite.-d milk 4(,i. e|e\‘;i,t('d 
tenip(‘t4).l iire ;(,s eomp4i.re(| t<> milk rieat('d lo l-bO .h\ 
4i,nd retiiined 4i,t. I,h4i,t temp(;r<i,l.m'e for li;i,!l' 4;,n hour. 
Cooled iuid i hen stored at low ( h'.) I •v'?np('i\*(,f iiro, 
arc given. 

By t'Kltl.U KX I'.M. 

Mxpe.riiiieut'-t were (sirried out. ou hdioisdorv 
scale 4Ui({ then .some limiks were nnole on n, large 
scale. The e.,-',: peri men t.d work '.\4m divmh'd as 
follows : ' 

(i) Sl(j(ii.ge of proe.es.sed milk at high ( I .'‘itJ 'K.j 
4ii,id low ( h^' t,emp(‘r4i,tm'e,s for e.igii.r, honr.'i 
in glass milk: bottle.s, 

(ii) Miorage of proeiys-sed milk 4it liigh (]f.)0 'K.) 
441 mI low ('1S'’-50'’,K,) temp('r4i.itu‘c's fur id hours in 
small aluminium cans, 

0 2 
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(iii) Sltn'iigc oi' jH’ocoMiintl niiJk ,'i,t room t.ciiipewrture 
(BCf-OO'-'K.) ,'tu(l low l■onl}KTHi^llT. (48-50'^1?.) for 
20 liotivis in sniJiJ] iiluiiiiiiiiuiii caiiH. 

(iv) S((»r;ig(' of ])i‘(.ico.sH(*(l milk in bulk ill; Ihio- 
imi.lin,!’; slorngo iiMUjX'nil.urc (lr*JO"'100’’F.) for dgliti 
lioiim ill hi.i'gi' tiiuH'd stool milk c:ui,s. 


Plan of wohiv 

l\cr|iiirii(i qiuuititios of raw, iiiixod milk asdotaiU'd 
mulor (liflVnmt soctions woro collookid ami hoaied 
to loO^F. and retainod at iliat tomi'ieratiu'c for 30 
minnti's in a specially const.nictcd milk pastour- 
i?iing can, provide<l with a stirrer, a tight. -fitting 
lid and an arraiigcMncnt. for inserting thft thermometer 
to record tin' tom])eratui'c of the. luilk without 
opening the lid. This can w’as iiisertcil in a In’gger 
vesHid containing wal.i'r which was directly put 
over a charcoal lire. The milk while. In'ing heal.cd 
w'as Htirreti at live nnniiies intervals to at.taiii uniform 
teinperat.nre. After the jiroe.ess of heating and 
retaining the milk at the lemperatiire. was eomplc- 
ted, it was imniodialely distributed in containers, 
which were previously sterilized. .'M'ter lilling the, 
containers, they were clf»sed with i.iglit-titting 
lids. Those samples which weiv t.o bo mainlaincd 
at an elevated tomperatnn.-. were at once transferred 
to a hot chamber maintained at IbO ’F. and the sam- 
ples w'cre immediately cooled down to between 
48""50‘F, by immersing the eontainors in cold brine 
solution and then transferred cold .Htorage 
(48"-50"F.}. 


iScction I V 

Tluise trials were made to stmly t he elTccI, of high 
storage tem]»er;irture, within n. e(>rla.in ll net, ua, ting 
limit, wdiitdi nmy lie (d)taina.blc umhw fichl roiiditions 
on a large quantity of milk. 

Sixty pounds of milk wt're cmjdoyi'd for I hr 
trials. The met, hod of healing foiiowed heri' wa,s 
slightly <li(Terenl, 'I'lit' whole milk can w|,s immerseri ^ 
in hot water and tin* milk liea,l<‘d to ir>l)''F, a.nd hel#' 
at that t.('mpera! lire' for half an, hour. .After com- 
pletion the <'au was remuvi'd and transf('.rr('<l to 
an insula, ted eliamber whii'h vva,s hea,ted hy a, tdiar- 
coal fire, d'hi' inside lenjprra.t nre was not. cons- 
tant but, Ihietnatiid b(>fw('ei\ I -TV and lotVF. 

In. every easi* tlu* following (dicmieal. ba,et(M'io- 
logi(‘al and physical ti'sis were applied In milk 
sam]>les, drawn at. various stages ; 


1 Tcinicn t 

|iiii>l(>rioIn<e'cMl 

i'hy.sienl 

(only applied (,0 
milk after tint 
.storage) 

1. Fat ptT cent 

1. 'fol a 1 No. of 
oi'gaiii.sm.'? per e.e, 
of lit ilk 

1. Smell 

2. Aoicligs diictu' 
aciM jx'!' cent ) 

2. Frescin-e of J{, 
roU ill milk, 
a. .Methylene Line 
n'llnclioji k'.st. 
k Ferment atioii 
t;e.‘4t', 

2. 'fasje. 


Sedion / 

Eight pounds of milk weri' iii,k(‘n, heated, re- 
tained at tlie Inmperatnn' and then distributed in 
glass milk bottles a,s detailed above. These were 
stored at IhtVF. and 'l8''-r)(FF- for the total period 
of eight hours. 

Seelian II „ 

In this .section the exj)erimontal treatment, to the 
milk was the same, as deseribed above, tluj modi- 
fications being (i) the use of 12 lb, of milk (ii) the 
use of aluminium milk cans of .fi 11). ea,pacity as 
containers and (iii) the storing of milk for a total 
])e,riod f)f K) hours, 

Section III 

To study the Ix'.Iiaviour cm processed milk, held 
at room temperature (8()''-D()''F.) versus that held 
in cold storage (4iS“-.b(VF.), this pai't of the wmrk 
was done. The modificat ion made was the h{)lding 
of one lot of milk, after heating and retaining at 
1-50 ’F. for half 41,11 hour, at- room temperature while 
holding the other lot. of siimples, after cooling, 
at cold storage temperature (■13°-50"F,). 


The milk .siunples AVi're drawn and examined at 
the following stages ; 

(i) K'jiw milk (before ti‘eji,i immt). 

(ii) Milk heated to l.")() F, iiml held a, I tlmt. | 

teiujeirature for -T) minutes. f 

(iii) Milk alder eomplete sloragi* period ;i,t bol.h J 
the storage te.nqieni-tures. i.i*. InO K, a, ml nij'TA 

(iv) Milk S4i.m}»les dniwii 4i,l 1 luce and si.x hourly 
intervals in the ejise of trials umlei' .sei'tion 111. 


hMsfi/i's A XI) Dl.'.^crs.slo.s' I ' 

.,4' r 

llesults of the ehemiini,! :i.n4i, lysis of variou.-; ,samj)h's f 
are given in 'Ihihle I, while t.he dat;i, on itacterio- 
logical I'xamimil ion 4t.r(' given in 'I'ii-bles 11 

and HI. 

From tln^ eliemiiad n*. Milts it. will be observed \ 

that t.lie flit percentiige in milk Wiis not. alt-ered by ; 

the. two dilTercut tn'atmi'nts, namely storage at ^ 
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und iit low tempcnitii-iT 
{lS'’'-r)0''P.), Willi ri'j'ai'd (.o uoidiiy thero wus 
a Mli<>lit (lerroaso on vvliicli may })f; iluo to 

llie oxpulinoii of COo iluritifj! liu' procosH, T!u‘ 
acidity then remained fairly oomsiant in The case 
of milk siored ut hi^li teinperatin'e, while in the 
case of milk in cold nioniij,(\ there was a vory .slight 
decrease. Naturally the milk stort'd ai room tem- 
perature .showed <1 (hs'ided increa.se iu aci<lity after 
three hours and still greater inerea.s(* was noticed 
afler six hours. In iaet ihi.s milk actually curdled 
wlien stonsl for 20 hour.s, l.lui.s ju-oviug tluii. processed 
milk cannot Ik* stored n,t ordinary room lomperat.ure 
for more llnui about, six hour.s. But .sairiple.s of 
milk .stored al loO'K. and lH''-r)0' K. for l(> hours 
.showed more or le.ss tin* .same acidity, proving that 
hot storage at ir)(OH\ is ju.st as elheient as cold 
.storage from this point of view, but it was noticed 
in the liehl scale trials that, even if IbO K, .storage, 
temperalnrt* was imi rigidly mainlain(*d Imt allowed 
to fluctuate belwei'ii lotl'di’, and idl)' K., there was 
very little increase in aeidily within eight hour.s 
of storagi*. 

The hacteriologica! data simw (lia,(; the total 
number of organisms in raw milk (h>cr(‘ased eoii 
si<lenibly on lieating. The .samples stored a.t 
'.bli' h\ at the tein(ieratnre and retaining the milk for 
S, id, and 2(1 hours showi'd that there 
was neither inereasi* nor decrease in tlie total (•oiini 
as compared to the total eouiit in milk after lu‘aiiiig, 
The total eotmf. of milk stored al Ibif'K. for S and 
1(3 hours .showed a ileereaso, when compared to t he 
bactorial count olitaJiied after beating and retaining 
the milk at t he temperature as r«!.ferred to pn'viousiy. 
The .same decrease is notic<*al)h‘ in ti<'ld scale 
trials. This pi'oves that hot storage, from the point, 
of view of growl]) ol‘ sur\iving orgajiisms after 
processing the milk, hvought alanit not only iu- 
hihition of growth of the oigauisms Imt it did actually 
do.Htroy them to a certain (‘xtent, whih* tin* cold 
storage only inhibited llicir fui'ther ninlti])lieation. 
This iippears to .show that either the faruv milk, 
which is produced under hygieiiie condition, did 
.not contain many t]u*rmo})hilic orgaidsms, or evoi 
ifthey w<‘re [w^’sent, they would not ah'ect the storage* 
quality' of heated )nilk at a 1emp(*rainre of lolWK. 
for at least It) hours. Storage* of tin* proc‘(*s.sed 
milk at the orelinavy teunpe'nit ure* k-t*pt it iu good 
eoiulitioJi only for aheeut four htmi's. 

As regards 71. roli. raw milk wdiich ,s])ow<etl tin* 
jU’escnce of B. coii in 1 : 1(K) and I : KtOd dilutions 
.sbowmel its n,hs<*iice in even 1 ml. of milk just aftei* 
])roe‘ossiug a)ul it (''(mtimu*el te) i*emain ahsee)it even 
after storage* p(*riods, thus proving that milk 
oneev ])rocessed, if not r(*eoiitainina1ed. w'ould show 
eemiplete alwemcee of B. roll. 

The, methylene blim I'eduetinn time .sliown by' 
raw milk *was considcMbly increased from about 


j.wo hou)*.s t,o six liour.s ihl'ie*!* proce’s.sing. In eecso 
of milks st.oreeel at IbO h. and .bo h’. for e'iglit 
}>onr.s, I, be renluclimi lime wn.s more* eu' h'.ss the- 
seune*, while*, ill e*jise oi' Mi lieiiir.s’ storage*, milk 
s!or(*el at Ibl) K. sliowi*d a bmger n'lliu-t ioii linn* ilian 
the* milk stored at IS ' bo h’. This eibseiwaliem \< 
furtln't' snpp<»r|,(‘i| by tin* fact that tin* iol;i,l numbe*)' 
of eirganisms in milk .sle)re*el at Ibo h'. a,rii‘r lb hours 
showe*(i a. gre'ater rcdin-tion tluoi tin* counl in milk 
store'el al iS’-bO' K. Milk sleeiM-d at at nue.sphe’rie* te*m- 
peratiire enrelied at tin* e‘inl e»f ji, ’ 20 lieeurs ' steerage- 
]iorioel, while theil steij-e'd at. -iS-btt'K. at the* e*nd 
of 2() heiiirs sheiNve*d a teetal re*(!ue*(ion time* of .21, 
Itonrs. Similai i*e'sult,s for n)ctliyh*ne blue* )'e*dni*tion 
We*re tU)tice*4ible* both in mise* oi‘ storage* eif (>igbt 
lioiins at IbO' K. in beboraiorv scale* as we*!! as in 
lease of field trials. 

The IVrmenlal ion ic.'.l i-e'snlt.s .sln»W'*d thai in the* 
raw milk eiinl, limn* was pr<*si*!n*e‘ of slight gas 
and a .sliglit .se*p,-inU iem of wlii*y. The curd formed 
af1i*r i>roc(*ssiiig ainl sloi'uge* piTiods did not. show 
the* abo\i* (Icfce-ts and tin* e'urd forme'd Wics more 
pjilaialde, 

A slight e-ookeei oelouf was (d»s(‘r\ e*tl in all sample's 
sl.oi'cd at ir>() F, I'lii* difi’ereui .storage fie'rioels. wiiilt* 
.sjimph's store'el ;i,t -bs -..bO F. re'iained 1 lu*ir natural 
inlemr. Tln*re w'as practically nee appo'ciable 
elitVereuec in t he'* tfiiste of milk. 

'rin* I'lTect.s of stofiige* at an (*h*vali*el t cnipe'i'ul lire* 
on the* mini'ral a,ni! viteimin e'mit<*nts of milk n,s 
well as the behavimir of siilage* proilu<*eii ndlk under 
tiu'se coinlit.ions, ai'e* being simlieni. [f these* re*-- 
.suits prove* .sat isfacl orv and tin* nutritive ejuality’ 
of milk remains uniinpaire'd, hirgi* s<-ale fieltl trials 
on tdie t,i’ans[)ortation ed' milk at an elevatenl lem- 
jiereiture will be nnide*. 

4 

be 1 1 , M M A lt N' 

{}) All invi'stigalion has he-e-n curriee! out on tin* 
keeping quality' of ja]'m~pn)dui‘eil niilk, pi'oi'i*ssed 
at a temperature of ibO F, and held at eilmiit that 
temperature for prolongeed pi*i*iot!,s. 

(2) It ha.s been observi'd that lh(*re* is no eliaiige 
either in acidity of milk (»■ i'a.t pei’i-mif age* wln*n 
the milk is kept in hot cfiiniition up to lb 
hour.s. 

(2) liactej'ioiogicat exainimil ion sjiuw’stliul there 
i.s a (h'finit.e (ieere*a,se i)i tin* numbe*)' of orga-idsieis 
when the, milk is ki*p1, at jui e‘h*vu1i'd 1f*)')npei\itur(‘ .,«) 
as compared to that in cold ,s(eir;i.ge. 


Ayeecs, tS. H. itrid .lolmseni \\ , T, ./. 'Diiin/ .s'ev', 

: 6, ()US-t}ir> 

Bem.steiu {I,89;{), (.'ited In ;\ve*rs and .lednisoti, J. Dah >t 
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THE FATTY ACID COMPONENTS OF INDIAN BUFFALO GEmS 

hy K. T. Aciiava and B. Banek-tee, Dapartmnut of Biochemisti-j, Indian Instituto of Bciouco, Bangalore 


Tni'i work coiisisls oftlui anulyses hy oster-fmctioiui- 
nu'i !io(ls of Indinn (///cc. 


(iieceiyecl for publicai-km on 17 iSepteniber ii)45) 

liig'li or low content of lower acids. 


choir. 


I of Im/Tnio (jhee for finalysis, scvernl 
onsideroil. Firstly this ororlnct is • 


In the 

fiictors were considered. Firstly this" prorliiet ... 
liy far the most widely used type oi ghee, in Ttidia'. 
Becondly the literature re.veals only three former 
analyses^ of buffalo ghee [.Bhattaeharya and Ifilditch,' 
- Heiduschka and Cicekdagi, "lOfO] of which 


1931 : 


Iwo were Indian and even these were chosen at 
I'aridom and w^ere not specially characteristic in 
any way. These llm^e analy.sos have been ([noted 
later in the course of the discussion. 

In the choice of typical specimens the liasis used 
was the. content of lower fatty acids as ri'fioeted in 
the Beichert-Meissl and Pohmske values. Tlie sum 
of those two values for bufTalo ghee vaiies from 
about 15 to about •1(), and so it was thought desirable 
to study three sfiecimons of normal (3()-8), higli 
(37*'i) and hnv (207) II.M. rt'speetiv(dy. This would 
md only be merely _ repn'sentative and indicative 
of any const aitcy of featun' wlicrewith lo detect 
ailultoration with fonngn fids, but iuten'sting from 
■tlnOdiooretical point of vimv in that it would indicate 
which a(‘id or acids, if any, compensated for this 


Experiment 

The sample of low E.M. ghee obtained from the 
Porbandar Btate had been .stored for a long time 
and wa,s rancid at the time of analysis, and hence 
another fre.sh sample was procured and analysed. 
The fresh samples ha^'e been recorded as 1 , 2 and 3 
and the rauci(i sample as 4. The gheefi were dried 
with anhydrous sodium sulpliate, filtered and .stored 
in glass-stoppered hrown bottles in an ice-box till 
rc([aire.ch 

The. analyses w'oit carried out by the ester-frac- 
tionation method with an electrically licatcd and 
jmeked column using the inetliod employed by 
Smith and Dastur 1’1938J of direct methano]y.si8 
and .separation of the lower acids in some (quantity 
before mKhwtnking the Twitchell sejiaration. The. 
.separation of the. ester.s is illii.strated by tim detailed 
.statement of results (Table I, A, B, (I, I)) obtained 
in the ca.se of the normal R.M. ghee, Hnra])le 2. Oon- 
sideratioiis of space do not permit of the full details 
of the other aualy.scs. 


TilBLE 1(A) 
Loire)' eslers 



I'he Fatty Acid Compovients of hdmt Buffalo Glieos 


Tabis 1(B) 


Saturated esters 



Fi'aetiou 


B. pt. Jit 

2 mm. from 

■ rc.) 

Temp, of 
middle 

rc.) 

Weight 

(gm.) 

rercontago 
of total 
esters 

M. Wt. 

1. V. 

iM. \Vi. (d 
SJit.uraO-d 
('st<-r.‘! 

(by eal- 
tmlaiioti) 

51 

52 

83 

S4 

SO 

SO 

57 

58 

59 

510 

511 

512 

513 

514 
815 



79 

07 

116 

126 

134 

139 

139 

143 

147 

167 

163 

167 

169 

168— falliag 

Kcsiduo 

166 

162 

166 

168 

171 

174 

176 

183 

196 

202 

205 

206 
207 
210 

0*653 

0- 900 

1- 328 

2- 019 

3- 627 

2- 794 

3- 064 

6- 710 1 

7- 710 

8- 645 

9- 236 
10-060 

6-715 

3-639 

2-980 

0-42 

0-68 

0- 85 

1- 30 

2- 27 
1-80 
2-36 
'4-31 1 
4-96 
6-55 
6-93 
6-46 
4-31 
2-27 
1-92 

244- S 
260-0 
260-8 
262-9 
266-1 
272-7 
271-9 
276-8 
274-7 
279-9 
282-l> 
287-2 
290-8 
294-9 
290-2 

4- 62 
3-47 
2-86 

2- 90 

3- 60 

5- 72 
8-26- 

9- 02 
10-84 
13-.82 
16-01 
19-60 
16-84 
22-62 

10- 61 

242-t 
249-6 
266-2 
262-0 
266-0 
■ . , 271-1 , 

• 269-6 

274-3 
271-6 
277-1 
279-9 
284-7 
289-6 
294-1 
296-3 






70-481 

45-28 





Table 1(C) 
Unsaturated esters 


Fracjtion 

B. pt. at 
mm. from 

("C.) 

Ttimp. of 
middle 
(“0.) 

Wj'ight 

(gin-) 

Percoutage 
of total 
esters 

M. Wt. 

L V. 

Moh-jJiilar weight ol 
tod esters (hy 
(ndutioii) 

satura- 

eal* 

'U1 ' . " . 

87 

176 

0-662 

0-42 

244-7 

30-11 


246-3 


■'XJ2 ■ 

109 

178 

0-636 

0-41 

247-5 

32-89 


26 1 -2 


'US", . ■ . 

1 20 

180 

1-021 

0-66 

267-3 

39-21 


269-4 


U4'., . * 

- 129 

182 

1-460 

0-94 

267-8 

62-57 


267-7 









M. wt. Of. 

H atoms 

l.V.ofOjg 








fully 

r(-,quired 

Sind Ca„ 








satui-fited 

for full 

esteas 









satunitioii 


116 . . 

138 

184 

1-836 

1-18 

279-9 

04-80 

281-3 

1-4 

74 --14 

U6 . 

146 

187 

1-946 

1-26 

286-3 

67*70 

286-8 

1-6 

73-96 

U7 . 

150 

189 

2-368 

1-63 

286-8 

77-78 

288-6 

1-8 

86-19 

U8 . 

163 

192 

4-100 

2-63 

283-8 

76-37 

286-6 

1-7 

86-66 

uo . 

154 

199 

3-379 

2-18 

290-9 

78-79 

292-7 

1-8 

.82-68 

UlO 

167 

203 

1-927 

1-24 

290-9 

80-71 

292-8 

1-!) 

S4-6.6 

Ull 

100 

207 

3-861 

2-48 

296*0 

83-20 

296-9 

1-9 

H3-9.6 

U12 

161 

208 

4-318 

2-77 

295-4 

86-09 

297-4 

2-t> 

86-61 

U13 

161 

211 

2-573 

1-62 

294-3 

8.6-67 

296-3 

2-0 

- 86-82 

TJ14 

166 

216 

2-997 

1-93 

294-1 

87-10 

296-1 

2-0 

88-80 

1116 

166— fiillin{ 

1 218 

2-818 

1-79 

298-4 

87-60 

300-6 

2-1 


nio 

K(\sidiie 


6-262 

4-23 

301-7 

88-60 

303-H 

2-1 





42-154 

27-07 







Total Tveighfc of esters = 43-084+ 7048H-42a64 
=« 155-7 19 or 165-7 gra, 
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Table 1(D) 
Resolution of fractions 




Utt) 

1 ^ 




— ^ 




Fraction 



Saturated esters 




Un.saturated este 


iS 

0, 

0, 

0, 

Cio 

C„ 

Cl4 

C„ 

Ci« 

as Cja 

Ctr 

Cu 

Uu 

L'l. 

li) 


5-06 

6-00 









' " 



— 

LI 


(i-ai 


0-19 








o '62 




L2 

L8 


0-27 

0-30 


0-02 

0-23 

0-08 

0-20 






0-02 

0-02 




L4 

L5' 


0-51 

0-63 




0-87 

0-06 

0-11 

0-54 





O-OS 

0‘03 



L6 

L7 


0- 76 

1- 00 





0-73 

0-46 

o ’-49 





0-03 

0-00 



L8 

L9 


1-32 

1-28 





0-14 

0-04 

1-09 

1-17 






0-09 

0-07 


LIO 

Lll 


3-22 

1-17 






0-86 

0-08 

0-28 

0-46 





0-08 

0-08 


L 12 

L18 


3 -53 
2-00 






0-84 

0-99 

0-68 

0-86 





0-11 

0-15 


LU 

L 15 


1- 73 

2- 44 






0-81 

0-74 

0- 72 

1- 40 






0-20 

0-24 

1/10 

. L 17 


1-74 

1-92 






0-47 

0-33 

1-06 

1-31 






0-21 

0-20 

LLS 

LH) 


1-50 

1-00 







0-98 

0-72 

0-27 

0-11 





0-.31 

0-17 

ST 

sa 


0-42 

0-58 






0-38 

0-40 

0-01 

0-16 






0-03 

0-02 

S;i 

S 4 


0-86 

1-80 






0-40 

0-84 

0.41 

0-92 







S 5 

SO 


2-27 






0-33 

1-85 








1-80 







1-61 

0-07 






57 

58 


2-35 






0-04 

2-08 








4-81 







3-17 

o'- 62 






SO 

sio 


4- 90 

5- 55 





1 


4-06 

8-41 

0-28 

1-28 






s,u 

S 12 


o-oa 

«-4« 







3-08 

2-26 

1- 79 

2- 78 






818 

814 


4 -ai 

2-27 







0-97 

0-19 

2-49 

1-48 






S16 


1'02 







0-80 

0-66 






lU 

02 


0-42 

0-41 






0-26 

0-18 

0-06 

0-10 





0-11 

0-13 


U!i 

U4 


0-68 

0-94 






0-16 

0-03 

0-24 

0-39 





0-18 

0-14 

0-62 

05 

UO 


MS 

1-20 






0-21 

0-12 


0-10 

0-21 





0-21 

0-13 

07 

U8 


1- fi3 

2- ()3 






0-16 

0-36 


0-01 





0-15 

(1-34 

IJl) 

UK) 


2 -lS 

1-24 






0-12 

0-00 


0-07 





0-12 

0-07 

un 

uia 


2-48 






0-03 

0-02 







()-02 

0-01 

oia 

U14 


1-02 

1-93 






0-02 

0-04 







0-03 

0-04 

015 


l■79 














ino 


4-03 














i’ercentage by wt. 100-00 

r>-oo 

0-21 

0-31 

0-03 

2-01 3 

il -93 i 

14-24 1 

:2<17 


0-09 

0-12 

0-96 

3-20 

Molar percentage lOO-OO 
as acids. 

:3-50 

0-43 

0-52 

0-80 

2-87 1 

.2-32 £ 

11-49 3 

10-08 

.. 

0-12 

0-14 

O-fl!) 

:loi 



<2ni Fatty Acid Components of Indian Buffalo Ulu'cs 

lldKulfcs 

The following tahloH ,show the ohumcieristicrf and fttruefcnres {<‘Xj»rcHS('<l o,s fn.iKu' of 

acids) of the four sani])leH of ghee analysed. 

Table 11 (-A) 


Chameteiistios of the samj^les of glioo amdgmi 


— 

] 

, ■ 2 : ■ ■ 

, ' ' ] 

3 

4 

1, Origin, 

Agrrculturai College, 
Kirkee 

.1) ins h a w T.> a i r y. 
Bangalore 

Satvinla Hills, Por- 
baiulai' 8tni.e 

Niitvirda Hills, I'or- 
handnr St ale 

2, Type of feeding, etc. 

Grass and concentrates, 
a little groundnut 
cake, pasture 

Grass and eoneentrat- 
1 ea, varied oil-seeds 
in small aracumts 

Hca\y i;i>U.onr.cc(i 

feeding, little oi’ no 
[►aHtui'c 

i Heavy cottonseed IVcd- 
ing. little or no )>as« 

• tnre 

3. General charaotor- 

Kxcelk'ut llaveur and 

Excellent llavour and 

Good llavour, snuill 

Haueid, choking llavour. 

istios 

to-xture, hi'ight yel- 
low colour, fre.sli 

texture, bright yel- 
low eolour, ItchIi 

grains tending to la- 
bard 

Very small grains, 
wry bard lo tbe feel, 
(juite. white in colcmr 

4, Notawortliy feature 

High K..M. 

Normal H.M. 

Low B.M, 

Low H.?»L hut rancid 

6, R.M. . . 

i 37-4 

30-8 

20-7 

22-7 

0. P.V. . 

■ Ml 

i 1-2 . 

O-C. 

0-8 

7. I. V. . 

27-4 

28-0 

. 37-0 

3 til 

8, g. V. 

227-3 

.223-7 ; 1 

2J2-<J 

2lti-7 

0. .Free fafetj- acidity 
as percentage of tactic 
acid 

U'07 i 

0-07 

; tl-OU 

.1-7 


Table IT (B) 

Fatty acid com-pmition of the ghees atiaii/sed (as 
molar percentages) 


Acid 

1 


3 

■ 4 

Butyric . 

lS-4 

13-5 

■ 

11-.5 

10-1 

Caproio , 

M 

0-4 


0-7 

Caprylie . 

1-4 

0-6 

b-1 

2-2 

Capric 

1-4 

0-9 

0-5 

1-8 

Laurie 

1-9 

2-4 

0-8 

2-6 

Myriatic. . 

9-2 

12-3 

4-8 

7-1 

Palmitic . 

31-9 

31-6 

25-1 

22-6 

Stearic . , 

^ 12-6 

10-1 

19-0 

16-8 

as Arachidic 

0-1 


1-1 

1-0 

Becenoio , 

0-1 

0-1 0-03 


< 0-3 

Dodeoenoic 

0-1 

0-1 0-0.5 

0-1 

i 0-2 

Tetradecenoic . . 

0-0 

1-0 

0-6 

i 0-8 

Palinitoloic , , 

3-0 

3-0 . 

2-fl 

1 6-1 

Oleic . , 1 

10-8 

23*0: 

32-0 

! 28-6 

Linolcic . . , 

1-2 

0-4 

1-0 

1 0-2 

as Gadoloic 

,3-3 

0-8 

0-6 



Discussion 

It has previously been indicated by several workers 
[Achaya, Katrak and Baiierjee, 1943 ; »Smith and 
Dastnr, 1938] that there exists in general a marked 
inverse relation between the iodine value of a sample 


of biittorfat and its HaM. value. While nampliw 

1 and 3 analy.s<ul in evceilent agnuotnuit wiih 
the avi'i'ugc figures for these eituKianis, .satnph' 

2 has rather a low iodine value, in eotu[)arisou with 
its K.M. 

Also, yafn])le T of butterfat. was, as Ita,-^ betui 
stated, raiieid at the time (d' analysis and iiemie. 
the higli eonte.,nt of lowin’ sat urated and im.saf urated 
aeids eaunot be (ionsidered as nortual, and rupresin.l.S' 
products of lireakdown, probably oh'ie. aeid (whi -h 
is known to b(j Jiberateil i?i bydroljtio rancidity), 
which the high acidity of i’T per cent (as lactic 
acid) indicated to liave oemnTcd to a lucurked exienl;. 

These analyses revind for the liivt lime, the pn.'senee 
in buiValo milk-fat of nnsatui’aii'd acids lower than 
oleic. Their presence in cow niilk-fat llliiditvli and 
Ijongenecker, 1938| ami gttat milk-fat ( Itiemens- 
ehneiderand hlllis, 193(>j has been ad'njiiatcly proved, 
and the bond of iiHsaturai ion establi, slits! at tbe 
position from tTie carho.vyl group as in oleiti acid. 
While the (juautity of material ii-vailuble iu the 
])roseut series did not ]>enuit the. establi.dnmnit of 
absolute proof of tbe occurrence of iji.e, strneturally 
identical acids, tbe trend of iodine valtics in the 
lower ester fractions (coupled with tin; provetl eiii- 
ciency of tlie fractionation), whitdi (?.xhi luted a 
scries of ina.xima ami minima, and tbe, proliadiility 
of similarity of features iu nil ruminant mafnmais, 
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wot'o ooii.sidered snfFn'icmt wamiiit for the assump- 
tion. The molar percentages for deoenoic, dotlece^ 
uoi!‘, te'i radeceiioie and liexadecenoio acids came out 
as about O’l, O-l, 0-7 and d-O respectively, which 
agree fairly well with the values 0*3, ()'3, 1*0 and 
3-0 of Smith am) Dastur [1038] for cow juilk-fats of 
gem? rally greater unsaturation, ’fhe ])crcentage,s 
^ now indicated iunst, lu>\ve\’CP, be regarded only in 
k: the mitiire of an approximation of the, true propor- 
tions of tlu'se acids in butSalo milk-fat though not 
far from them. 

A furtlier interesting feature of these analyses 
is the. presence of an acid higher than linohde, cal- 
<‘ulated here as a O.^o acid with one double bond 
(gadoleic), , in the absence of material for more 
(tetaiied analysis. The other tliree analyses (loc. 
cit.) in the literature recorded the, highest iinsatu rated 
acids as linoleic and the, molar ])ereentages as 2*2 
and0*2. 

I'he, most striking feature of the present results 
is the gradually rfsing contcmts of oleic acid as the 
amounts of tiie lower acids def‘ree,se, a J'ebttion- 
■ ship ndlected in a more geiumal way in the K.M. 
and iodine values. This is the mf)re marked in 
that samples 1 and 2, of about the same iodine 
value, could be expected to contain tin; same amounts 
of oleic acid ; actually, the proportions arc ^piste 
diherent and the low iodine value of sample* 2 is 
accounted for by its low linoleic, rather than oh'ic, 
content. 

►Smith and Dcnstur [1938] o})serve(l. very similar 
rc'sults with the cow in their work on inanition. 
Tliey indicated there that sovei-al theories ol' the 
origin of the.so lower acids conhl account for the 
features observed among wlucli wa.s the theory of 
0 Hilditch and liis colh-agues [lUll] tliat the lower 
aciils are formed by the lu'eakdowji of ])rerorni(‘d 
oleo-glyc('ride,s in the mammary gland. The general 
nature of the present results .•strongly favours this 
view, since it jiosiulates a direct relalioushi]) lietwcuin 
the two cora])OiiehtH in question. Moreover, the 
presence of lower unsaturated acids prolsUily iden- 
tic, al with those of cow and goat milk-fat i,s satis- 
factorily accouided f(>r in tha.t they represent ‘ frag- 
ments of iran.sformed oloo-glyc('rides which have 
escaped coiuidete saturation tr» lowin’ saturated 
acids Tlu' recent tentativis pustuhite of lliUlitch 
and Meara [lO'M] that tlie precursor in lilood might- 
well be a linoleo-glycci'idi' diu'S not alTect tlic re, suits 
^ siiiee the [)rodiu;tiou of an olco- glyceride from a 
liuoleo-glycerido rcpr<>seats a comj)nra(ively simple 
L yiirngeiiation. 

While tlui hr, st, two ///itw analysed are of a pattern, 
sample, H 3 and 4 fall into anothe.r ela.s.s by reason 
of their high ])(>,rc,eutag(‘,s of stearic acid. That 
there, ap[)ear to be two sindi fairly distinct ty])es of 
bulTaio milk-fafs is supported by the three other 
analyst’s extant, w'hicli are quobnl below (Table, Tfl) 


after conversion in alf cases to molar pcrcentage.s. 
Tablb Til 


Fatly acid compositio'n o/gheo (^.v molar ‘percentages) 


— 

fi 

8 

7 

Rutyric 

Caproic . . ^ 

10-8 

10*9 

li-9 

3-3 

2-8 

2-8 

Caprvlio . . 

0-5 

1*5 

0*7 

Capric . . 

1-3 

2-4 

Trace 

Laurie 

1 2-4 

1 3-3 

, 3-7 

Myristic . . 

; 7-7 

10-5 

7*9 

Palmitic . . 

19-0 

28-7 

26*0 

Stearic . . , 

20-9 

9-3 

1 . 14*2 

Arachklic . . . 

; 2-1 

0-7 

2*8 

Oleic* . . 

!: '29-7'^ 

■ 27*7 

31-2 

Linoleic . . 

2-3 

1- ' 

, 2*2 

0*2 


Tbe.se analj'ses show that the. high ]>crcen1age of 
stearic aeitl need not necessarily occur where the 
content of lower acids is small or that of oleic large 
as lia.s ha|.)pene,d in .samples 3 and 4 of the present- 
series. In other words the }>ro]>(}rtions of stearic-- 
acifl a})pear to be fixed by a’ mecliani.sm indepe.udeiit 
of that operating in the fixing of thf? proportions 
of oleic acid on the one hand and the lower acids on 
tlve, other. 

Tt i.s necessary to exjilain the emphasis on -the high 
stearic rather than low inyriatuj contents of the 
samples under discus.sion. Ifilditeh and co-wss-deers 
(lo<‘. cit.) have shown that t.he temimicy in the 
butterfats and depot fats of licrhivorous inanimals 
is for the j>almitic acid content to ronuftin constatit - 
at about 25 per cent ; in addition, Patel, Patel and 
Dave [1944] have recently shown that the bu'lhdo- 
is muoii more susceptible to feeding vagaries than the 
cow and reflects slight cliauges in its i'e(*d l^y Fi),irl y 
marked changes iiu ite milk-fat. It -wicnis probable,, 
therefore, that the low palmitic content while still 
tending to constancy is a mathematical coiise(]uen(,’e' 
of the high proportion of .stearic acid, cuu]ded in 
thi.s case with a high oJoic content besides. 

The mechanism of this high jirodiic’-tion of stcjiric 
acid is of intere.st. It can be sliown that it caujiot 
directly l>e traced to any sjieclfic faliy-acid or gly- 
ceride structure of an oil, .since similar oils have 
widrdy dihereni, effects on milk-fai-. Rince {}i(> 
precursor of both milk-fat and body fat is the muit.ral 
triglyceride, fraction of blood [Maynard et al, 1938 ; 
Aylward, Blackwood and .Smith, 1037; Pi'tersim,. 
Palmer and Eckles, 1929 ; etc..}, it would be .safe to 
draw comi)ari.sou.s where smilar (dhids on both arc 
produced by an ingested fat. Soybean oil docs 
not produce any untoward (dYect on cow milk-fat in 


oleic pnrconfcftffe.s are tthoiil, -J- units too hijifli .siat-i- 
lower nn.saturated aeid.y were imi aoeoiiuted for. 


me 
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the stearic acid content [Hilditcli and Tlrompsoji, 
1936] ; yet it has a hitty-acid and glyceride stmeture 
almost identical vvitli cotton seed oil. Nor can the 
matter he explained by direct infiltration of the 
acid from cottoiiKeed oil, .since? the latter has a molar 
content oi‘ .stearic ac.id ol' only 2 per cent. 

Whatever may he the causes of differences of 
nrohilization of didV.rent oils, the source of stearic 
acid in tiiis case is almost certainly dietary oleic 
or linoleic acid. tSince the effects are produced 
both in depot fats and in milk-fats, it may seem 
attractive to consider the hydrogenation as having 
occurred before pas.sage of glyceride.s into the blood. 
But in view of the simultaneously lowered produc- 
tion of lower acids [Brown and Deck, 1930 ; Brown, 
1931] in milk-fat.s, it seems more probable that the 
hydrogenatioii proce,gH takes place during selective 
withdrawal of glycerides in the depot tissues on 
the one hand and in the mammary gland on the other. 

There is another aspect of the question : part of 
the excessive fat in the diet probably j)asse,s into 
the liver as fatty acids, and these exert their modi- 
fying influence on fat being synthesized from car- 
bohydrate material. 

Two oth('r features of intere.yt in the aucilytical 
figures are (1) the high proportions of arachidic 
acid in the three fats conforming to the higli-stearic 
type ; (2) the high gadoloic acid content of yhee 1. 
This may be an infiltration from the groundnut 
•cake that partly comprised tdie feed of the animal 
but too much stre.ss cannot be laid on the slender 
evidence drawn from a single, e.ster fraction. 

'i’he practical imp{ieHtion.s of the tliree. present 
analyses taken in the light of tlic detection of adul- 
teration are suggestive in the following way. The 
two features with any claim to constantly are the 
Cxa unsaturated acid content and the (hid-f’ifl+C'ia 
saturated acid percentages. The difficulties in the 
way of estimation of the former are immense ; the 
latter feature is also of little value sinct' the (hfl+Cis 
contents of many oils and hydrogenated oils are in 
the neighhonrhood of the 53 pec cent for t.he sum 
just mentioned, 'fhe only other figure of any in- 
terest is the linoleic acid content, a determination 
of which is possible by the iodine .vmd thiocyanogen 
values together. Thi.s is not hecau.so the percentage 
of this acid is by any chance constant, but because 
of the high linoleic coTitent at' comnron oils which 

i.s well known; fortunately the only exception 
(coconut oil having a linoleic a *id content of about 
I* 5 per cent) can easily be iletectcd hy the R.M.- 
P.V. relationship. An addition of a.s little of 10 
per cent of other oils should grcjUiy raise the .small 
linoleic f'ontent of samples of (///cr. Finally, em- 
phasi.s can .still be land on the empirical analytical 
‘ constants ’ <jf butterfiit, piirticularly the R.M,- 
P.V.-LV. relationship. 


' 1. Tho analyse.s of four .samples of Indian buffalo 
ghee of high, normal and low R.M. walue, (two 
samples) are given in full, 

2, The pro,s(mce of the iow(?r un.saiairated acids, 
decenoic, dodcu’cnoic, tetradeeenoic and he..xadc- 
ccnoic, lias been tentatively postulated and their 
rough ])roportion.s indicated. 

3. The (uusence. of an, acid liigh,cr t.hau linoleic? 
has been indicated and calenlatod as gadolcde. acid. 

4, A striking inverse relationsbij) between the 
lower acids and oleic acid, .similar to the re.snlt.s 
obtained on inanition by tSmith ami Da.stur, i.s 
discuased. 

5. The elfect of ingesting cottonseed oil has be(‘n 
shown to be a greatly increased stearic acid content. 
The mechanism of thi.s high production has b(?en 
discussed. 

f). The determination of the linoleic acid content 
has been theoretically postulated as likely to help 
in the determinathtn of the genuineness or otherwise 
of- a sample of bulTalo butterfat. 


Our thanks are due lo the Iju})eriul Ooumul of 
Agricultural Research for a seheme of work under 
which the present results wi're ohtained. 
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DISTRIBUTION AND SBASONAL INCIDENCE OB SURRA IN INDIA 

i3y B. C. Basu, T). Sc., Imperial Veterinary Eesearch Institute, Izatnagar 

(ileceived for publication on 29 October 1{)45) 


{With three text-figures) 


Tiik (Jata, wliic]i foiiji ilic .subject of thi,s note, were, 
obtained fruni direidors of veterinary .services of 
I'rovince.s and sta,te.s and pertain to a period of three 
years, (Voin daouary 1010 to December 1942. The 
figm-e.s are .shown in Table I. 

A map (Fig. 3) lias been pi‘eparetl from these 
figures showing the intensity of .surra in various 
parts of India. Of the Tudiau fitate.s, only Hydera- 
bad, Baroda, Uwalior, Alwar, Travancoro and Mysore 
furnished detailed information ; Kashmir sent some 
figures, but no details were availalde ; no informa- 


tion wa.s avaihible from the remaining Indian t'tii.to.s 
or from Ajmer. It will 1)0 seen from the ma,p tliat 
many iufeeted areas are i.solatiul, in ri-ality tlu'y may 
have been found to i)o c.ontimiuu.s wdtli the main 
areas if more detailed informa, tion had been avail- 
able ; that is, <liscontinuity of distribution in most 
cases is probably more ap])aront than real. The 
map also gives the impression that tlm disease is 
more prevalent in the areas where rainfall is scanty 
and the camel population is high. Unfortunately 
aimo.st no information is available from Bajputana, 
a camel-rearing area with scanty rainfall. It will 
also be seen that the disease is prev.-dent through- 
out India. 



from a report', by Cliristopliers (1911)]. It will be 
seen tliat the rise and fall in the number of surra 
cases coincide exactly with that of malaria oases, 
SuMMAEY 

1. From data so far available, the regional dis- 
tribution of surra in India has been mapped. The 
Punjab shows a heavy inci<lence of the disease, 

2. The occurrence of surra is seasonal. The peak 
period for bovine surra is in August, for equine surra 
it is October, and for others (ca.mel, etc.) it is in 
September. In the aggregate, surra reaches its 
highest seasonal incidence in September. 


3. The seasonal curve of surra and human, malaria 
in the Punjab coincide. 

AcKKoWmOlUiMMliNT 

Thanks arc due to l.he din'.cdors of veterinary 
services for lu'l]) in j)rovi(ling imndenee ligures. 


KMOF,KitKN(,!H 

Christopher, S. il. ,SVv'. 


Mrd. SiinH. Dcpl. I ml. 


INVESTIGATIONS ON FAMINE IdATIONS 
MANGO-SEED KEKNEL 

By N. D. Kehar and R. Chanda, Animal Nutrition Section, Imperial Veterinary .Rcscnrcli Institute, 

Izatnagar 

(Received for publication on (i .August li)4r)) 

pbuifcatioii is increasing ev'ory year. Mango-seeds 
colhvdod from waste lH;a|)s were lu’ofceu and the ^ 
■keriud ebemicaily analysed (Tai)!e I). 


Accor D iNO to a recent estiimtte, the coneeutr<!,tes 
available in India are Builicient for only 29* 1 per 
cent, of the adult bovine population. This does not 
take into account tlie rcquirenwmtvS of growing 
animals, of equines and of the 47*9 million sluuq) 
and 37' 7 million goats. Although, during post-war 
developments, it is considered that there will be an 
all-round increase in the yield t)f foodgraiiis and 
fodder, it will be some time before devcloj)nicntal 
plans can materialize. In view of the keen shortage 
of feeding-stuff for livestock the nature of which in 
times of famine has been described l)y Kehar [1944], 
it was considered desirable to investigate whether 
mango-seed kernel could he utilized for feeding 
animals during scarcity periods. 

It may be pointed out that mango-seeds are at 
present thrown away as waste and, according to a 
rough estimate, the amount available may be about, 
two million tons per annum, which would yield 
about one million tons of the kernel. Besides, the 
mango is })opularly styled ‘ king of fruits ’ and its 


' 1 ’ablis 1 

Oomimition of manno-.seed kernel 


Crude protein . . . 

8‘fiO 

Ether o.sitniot . . 

8*8.0 

Fibre 

■2*81. 

Nitrogen -free extract . 

7t-4U 

Total ash . . . , , 


Tohil , , 

100*00 

(Jalcimn (Ca) . . ■ . 

0*100 

Phosphorus {].*) , . , 

0*208 




Those valiU'S may be. compared witli tho.se of some 
conxinou grains (Table II). 


Table II 

Composition of some common grains 



(/I’ude 

protein 

Ether 
ev; tract 

Fibre 

Nitrogejt- 

fV(‘o' 

cxtra<.‘t 

Ah)) 

Mango-seed kci'iu'l 

8*50 

.8*8.7 

KS! 

74*‘t0 

o*2r» 

Barley 

0*48 

1*07 


79*09 

4*72 

Maize .... 

11*11 

•t*:») 

1*90 

S0*(5<) 

1*94 

Oats .... 

10*07 

U-.'i.'i 

12*71 

f),fi*.S8 ■ 

4-79 

Rice ' . 

8*3;i 

0*88 

0*28 

' 89* 12 . 

1*28 

Wheat 

9-6.7 

1*27 

2*41 

81*70 , 

1*97 

Corn’*- 

8-(iO 

:M)0 

2*00 

()2*00 

i*:jo 

■Rye’*' 

S'OO 

l-JW 

0*00 

, 77*20 

0*90 


{Ch) 


O'l 

n-iK 

out 

0*1 

0*1 

(I-:,*; 

0*0 

()•(): 


Phowplioril 

(T) 


P*;J7 

o-.f 

U'.|. 


* American figures 


The kernels were lightly crushed and placed before 
country bullocks which after two to three weeks 
acquired a taste for them. During the exploratory 
period of about 15 days it was observed that animals 
weighing about 700-800 lb. could not eat more than 
6-7 lb. (3-3*5 lb., dry matter). This amount, how- 
ever, did not provide the total amount of protein 
necessary for maintenance. It was, therefore, pro- 
posed to replace about 50 per cent of oil-cake by 
mango-seed kernels. 

Three country bullocks were then selected for a 
long-term feeding experiment, the rations shown in 
Table HI being given daily. 

: Table ,111 


Rations given to selected country bullocks 


Aninud No. 

Body 

weight 

Rapo-Ciibe 

Mango- 

seed 

kernel 

Wheat 
bhrisa 
u4 Ub, 
(approxi- 
mately) 

■■■■■■ 1 

770 lb. 

lib. 

0 lb. 

6 lb. 


r)08 lb. 

i lb. 

0 11). 

0 1b. 

T) 

832 lit. 

.1 Ih. 

0 11). 

0 1b, 


EbSULTS AND DISCUSSION 
Observations on bullocks, fl’he ration was fed for 
about , three months. It was ob.served that adult 
animals, which ordinarily maintained weight on the 
Institute schedule ration, gained an average of 331b. 
in weight on the experimental ration (Table IV). 

The animals also put on fine condition and had a 
healthy appearance. , After about five weeks’ feeding 
on this ration, a metabolism experiment was con- 
ducted on the animals by the usual procedure to 
find out the nutritive value of mango-seed kernel. 
The results .showing the digestibility coefficient, 


nitrogen, calcium and phosphor us balance of the 
whole ration, and the digestibility coefficient of 
mango-seed kernel are given in Tables V, VT and V'lT, 
respectively. 

Table IV 


Gain in weight of bullo'cks kcfton ergwrimental ration 



Weight in pouinis 

Date 

Animjil 
No. 1 

Animal 
No. 2 

Animal 

,No.5 

*1-8-44 . 

776 

■ 568 

832 

8-8-44 . 

.770, 

500 

800 

15-8-44 . 

730 

550 

780 

22-8-44 . 

762 

.556 

832 

29-8-44 , 

784 

586 

838 

.5-9-44 

770 

584 

832 

11-9-44 . 

784 

504 

820 "I Meta- 

21-9-44 . 

784 

.500 

824 j boliam 
, period 

28-9-44 . 

788 

500 

832 

5-10-44 . 

792 

.572 

830 

12-10-44 . 

792 

580 

830 

19-10-44 . 

810 

582 

840 

26-10-44 . 

822 

,584: 

870 

(lain in weight . 

40 

10 

38 


* Date of fii’Mt feeding 


It will be observed from Table VTI tliut the mean 
percentage digestibility of crude ])rotein, ether extract 
and nitrogen-free extract are 72*.l, 50*3 and 70*6, 
respectively. Replacement of oil-cake by mango- 
seed kernel to the extent of 50 per cent, gives a wide 
positive nitrogen balance and suggests that further 
economy can be effected by reducing the quantity of 
oil-cake. The digestible nutrients per 100 lb. of dry 
matter as compared with those other common grains 
is given ill Table VI 11. 

From the above figures it appears that the digest- 
ible protein obtained from mango-seed kernel is only 
slightly poorer than that in oats and barley, while 
in total digestible nutrients and starch equivalent 
the kernel compares satisfactorily wdtli corn and 
oats. 


In addition to the above ration, each animal was 
given 1 oz. of salt daily. 


Table V 

DigestihiUty coefficient of whole ration 


Animal 

No. 

Dry 

matter 

(Irganie 

matter 

1 Onde 

protein 

Ether 
e.K tract 

Fibre 

Nitrogen free 
t'.xtract 

'total oarbo- 
hyd rates 

! 

52-9 

1 

.55'4 

56*2 

59*2 

39*6 

OO'O 

55*0 

,, '2 

58-4 

01-3 

50-0 

63*9 

.50*7 

05*9 

01*7 

.5 

57-1 

57-5 . 

021 

05*5 

41*9 

01*0 

50*3 

Mean 

50-1 

58-1 

, ,58-3 

02*9 

44*1 

02*7 

. 67*7. ' 
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Table VT 


Niirogen, mldum and 'phosphorus balance 



Animal 

No. I 

No. 2 

No. 5 

Nitrogen intake — 




Mango -seed I'crnel . 

22-2G 

15-97 

20-03 

Rape cake 

23-(5G 

17-74 

23-65 

Wheat, straw , 

14-10 

10-81 

12-93 

'roTAL 

00-01 

44-52 

56-61 

Nitrogen exerefion — 




Faeces . . 

26-29 

19-32- 

21-48 

Urine 

10-10 

14-60 

17-10 

Total 

36-39 

33-82 

38-58 

Nitrogen balance . 

-t- 2.3-62 

-1- 10-70 

•1-18-03 

Biological value of 

94-0 

74-8 

80-6 

the mixed protein. 




Calcium intake — 




Mango-seed kei-nel . 

3-11 

2-23 

2-80 

Rape cake 

3-00 

2-32 

3-09 

Wheat .straw . 

4-43 

.3-40 

4-06 

Total 

10-63 

7-95 

9-95 

Calcitmi esccrelion — 




Faeces . 

7-70 

5»58 

7-14 

Urine . . . 

2-00 

1-63 

2-.5(t 

Total 

9-70 

7-21 

9-64 

Calcium balance . 

q-0-93 

+ 0-74 

-1-0-31 

Phosphorus intake — 




Mango-seed kernel , 

4-88 

3-.50 

4-39 

' Rape cake . . 

4-72 

3-68 

4-72 

Wheat straw . . 

1-93 

1*48 

1-77 

Total 

11-53 

8-56 

10-88 

Phosphorus excretion — 




Faeces . 

10-15 

■■ 7-44 

9-10 

Urine . 

0-06 

0-04 

0-06 

Total 

10-21 

7-48 

9-16 

Phosphonis balance 

-{-1-32 

+ 1-08 

+ 1-73 


Table VII 

Digestibility coefficient of mango-seed ketnel* 


Animal No. 

Crude j 

protein ' 

Ether 

extract 

Nitrogen- 
1 free 

1 extract 

1 

66-6 

.51-3 

66-4 

2 

68-9 

58-1 

77-0 


80-9 

59-4 

68-3 

Mean 

72-1 

66-3 

70-6 


♦Since the percentage of fibre is only 2*8, it has not been 
oonaidered; 


Table VIIT 


Digestible nutrients of mmufo-seed kernel as compared 
v)iih those of other grains and seeds 



t)ige,stl))l(> 

l)i'oi.(-in 

Htarrh 

('(luiviilcsit 

Tot, ill 
digestildi- 
nutri(‘nts 

Bariev 

■ 7-4 

8+6 

HO-0 

Maize 

8-2 

!)3-3 

94-3 

Oats . , 

7-8 , 

73-4 

78-5 

Corn* . 

6-6 


74-2 

Hye* . . 

7-1 


87-0 

Oats* 

7-0 '■ '■ 1 


72-2 

Mango-seed 

■■ 6-1' ■ ! 

07-6 

70-0 

kernel 





♦American lignrcH 

Tlieae obscrvatioiKs ])iit mango-seed kernel in the 
category of the iiui)Octant concentrates for livestock 
and make available about 70 million lb. of digestible 
]H-otein and 700 million lb. of starch c<|uivalent per 
year from a hitherto nmitilijied sonree of food. It 
iias been calculated ihat the digestible protein 
obtained from 80 lb. of oats is ecpial to that obtained 
from 100 lb. of inango-seod kernel and the starch 
ec^uivalent from 86 lb. Moreover, the keeping 
(piality of mango-seed kernels seems to bo satis- 
factory, as no deterioration has taken place after ten 
months’ storage, 

Ohse'r{)ation8 on rats 

To investigate, the possibility of human consump- 
tion of mango-seed flour, experiments are in progress 
on rats. Preliminary observations over a })eriod oi'.^ ^ 
15 weeks show no difference between the rate of ' 
growth of rats on the stock diet as compared with 
those on a diet in which two-thirds of tlie mai/e has 
been replaced by mango-seed kernel. ^ 

Summary | 

Investigations have been made to Ihui if mango- 
seed kernel, hitherto rt'jected us waste, could be 
utilized as a feed for livestock. 

Mango-seed kernel has been fed to bullocks with 
advantage to the extent of 50 per cent, of the total 
digestible protein. The animals develop(ai a liking 
for the kernels after a 0 (»u})le of weeks’ feeding, 
During about 12 weeks’ feetling adult animals ^ 

gained, on an average, 33 lb. in body weight, and 
developed a fine condition. 

Mango-seed kernel is a rich suurc(‘ of protidn and 
carbohydrate. According to nvuilabh^ figur<‘,s, it is 
estimated that 70 million lb. of digt^stibh' protein 
and 760 million lb. of starch equivalent will lx; avail- 
able per annum from this liitlierto unrecognized 





source. The digestible protein obtained from 80 lb. 
of oats is equal to that obtained from 100 lb. and 
starch equivalent from 86 lb. of mango-seed kernel. ^ 
The high digestibility coefficient of the protein 
and nitrogen-free extract and the biological value of 
the protein give the seed a place in the list of im- 


portant food stuffs. 

Work on the feeding of mango-seed kernel to 
rats is in progress, 

UKKRllRNt'E 

Kehar, N.l). (1944). hulinn J , t'ct. SrL 14, 40 


%'■ • • ^ . , , 

A. NOTK ON A NSW METHOD OE TESTING WOOL FOli MEDULLATtON 

Bv P. N. Nanda, M.E.O.V.S., Gubbax Singh, L.V.P. and S. B. Mogeb, M. Sc.. Goranmont livestock 

Farm, Hissar 


(Received for publication on 21 October 1944) 
(With Plate XIV) 


Of the recognised methods of determining the 
percentage medullation in wool, only McMahons 
Medullometer can he of use if a large number of 
samples from individual auirnals are to be dealt 
with. The other methods are too lengthy and 
^ requiiv several days to analy.se a single fleece. The 
u.se of the medullometer too is restricted to labora- 
tories where electrh' current and technically trained 
staff are available. VVitli a view to guide field 
workers, the authors have devised a simple lapid 
test to estimate ai.)proxim!itely the mechillatioii 
in wool. Tt is bascfi on Elphick’s ben/.ol method. 
It is known that a clean sample of wool when placed 
under benzol exbibit.s an intensity of wliiteness in 
proportion to the amount of medullation in the 
sample. Marked difference in whiteness can easily 
be judged with the naked eye. For .selecting sheep 
carrying good quality wool, the easie.st course is to 
take ' small samples from these sheep, wash _the 
* samples in petrol, take an equal quantity by weight 

of all of them and place them side by side, under 
benzol, in a black enamelled tray. From the in- 
tensity of whiteness in the samples, one can at once 
pick out the samples from sheep carrying better 
wool. This method can be used to pick out better 
quality sheep, but for recording the percentage of 
medullation in individual animals, which is so 
essential for breeding on scientific lines, it does not 
serve the jiurpose. To overcome this, certain 
standards have been devised. These .standards 
show samples under benzol with different amomits 
of medullation, varying from zero to 100 per cent. 

^ For studying the approximate percentage of medul- 
iatioii in a sample, the same weight of the sample, 
as in the standards, is placed under benzol and its 
percentage determined by compari.sqn. The method, 
therefore, involves two main operations : 

(«.) Making of standard samples from different 
breeds of sheep and _ _ _ 

(b) Studying of samples in the fielcl in comparison 
with the standard sample,^. 


Making of standard samples. Two hundred small 
shoulder samples are taken from a particular breed 
of sheep. After getting rid of the free vegefca))le 
matter, each sample is first washed with a 1 per cent, : 
neutral soap solution at bO'Tj. and then rinsed twice 
in petrol at the same temperature. After drying 
them at the room temperature, 100 milligrams of 
each sample are taken for making the standards. 
All these samples are put under benzol in an enamelled 
tray which can accommodate about 20 to 30 at a 
time. Judging from the intensity of whiteness 
.shown, some samj)les showing varying aniouuts of 
hairiness, can be picked out. Tlie.se selected samples 
are then arranged in series according to percentage 
of the medullation in them. The first one represents 
zero per cent and the last one 100 per cent, The 
intervening samples arc then allottecl arliitraiy per- 
centage medullation in an ascending order to indicate 
increased hairiness. The ])ercentages fixed -for the 
samples are according to the intensity of whiteness 
exhibited by them, 'fo obtain sharp contrasts, 
the first sample should consist of pure wool and the 
last of pure hair. The estimation of medullation 
would be more accurate if a large number of samples 
are taken to make up the stand, ards. 

For more reliable results the percentage medullation 
in the series may be fixed by actually ascertaining the 
exact amount of medullation by the microprojec- 
tion method. These standards can then be used for 
the estimation of medullation in any given sample 
of wool by comparison. .To have standards handy 
in the field, photographs of prepared sets can be 
used with equal e.ffioiency. 

The technique consists in first taking a small 
sample from the sheep as close to the skin as possible. 
After cleaning it to get rid of all free vegetable 
matter and dirt, it is given a free rinsing in petrol 
for one to two minutes. It is then alh)wed to dry. 
One hundred milligrams of the sample arc then 
weighed out by means of the portable balance. 
This quantity is spread out a little between the 
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thumbs and fiu£?ers and all the fibres are brought 
parallel to one amother. The spreading out is done, to 
the same extent as in the standard print (1 late At v j. 
This resultant sample must present an homogeneous 
appearunec. It la placed in an enamelled tray am 
covered by glass to press down the fdires. Benzol 
is then poured in the tray, till the sample is immersed, 
liy comparing the iutensit.y of whiteness of the sample 
with the standards, the imHliillation is estmuitm . 
By using a siiitalile size of tray (8 in. X 10 in. X 1 m.), 
10 to 15 samples can he examimul at a time. 
A single hand can easily l.est 1 00 to \ 50 sani|)les in a 
day. Average medullation in a single nee.ee can 


be worked out by (est.ing eight i.o ten repri'.seututive 
samples taken from difierent parts of (lui body of a 
.sheep. To begin with, lusting of the. shoiihie.r sample 
is enough for classing and (‘.idling she(*p under village 
conditions. 

Summary 

With a vi(‘.w io guid(' held worinu's a simple rapid 
test to (\stimai(i appro.ximaO'iy I In* medullation in 
wool has been devised. 

The test is based on tin* fact' i hal- a ehuui sample 
of wool, when ])lae<ul nmh'r ben/.ol ('xhibils an 
intensity of whiteness in ])ropoiiion to tin* amount 
of medullation in tin*, samph!, 


By 


AVIAN LRTTGOSB^ COMPLEX (POW.U.)-PARALYSTS) IN INDIA, 

G. Ivna and Z. A. Harhmt, Poultry Eesearcli Section, Im,perial Veterinary Research fnstitute. 

Izatnagar 


(lleeoived fer ])ul)lioiitKm on 17 September 1945) 

(With Plates XV-XVIl) 

Thk yoterimuy literature in this country contains nhout, W hirds niostly c|f \yhite Leghorn nn.l 
•■coords of paralysis in fowls attrihuted to a immhor Bhode Island Bed breeds. The feitilily , h.ite,h.i}uht\ 


of different causes, such as nutritional deheiemcies 


and viability records were unsal.isfae.tory. 



trouble has been taken to differentiate and cla.ssify 
the various types of paralysis and that the simul- 
taneous occurrence of true fowld-iiaralysis in the same, 
bird where some, other diagnosis has benm given has 
been overlooked A sy.stematic .survey was, there- 
fore, uniiertaken to investigate the incidence iind 
(li.stribution of this disease in tbe country. 

Survey 

The first case diagnosed wa.s a hen received in the 
laboratory for post-mortem examination in April 
1941. Since then, the disease in its diver.se forms 
has been diagnosed in Bombay, the Punjab, Hydera- 
bad (Dn), the United Provinces, Central Provinces,. 
Cochin, Mysore and Madras. Both sexes and all the 
common breeds as well as their crosses were seen to 
be affected. The survey was, however, confined 
to the organized farms only and little information 
is available about the incidence in village fiock.s, 

PlELD OBSERVATIONS 


started as a jerky walk, followed by inability to u.so 
one or both Jimb.s, with the e.haructeristic clutch ing 
appearance of tin; claws. As the disease advancetl, 
the fowls were unable, to move and lay in a helpless 
condition, often with, one, leg .stretched in fnmt and , 
the other behind (Plate XV, fig. 1). Droo]jing of one 
or both wings and twitching of the neek and iiead 
were also seen. Occasionally the, eyes wen' alfected, 
the pupil in suoli. cases becoming distorted and the 
iris losing its pigment and ])ower to exfiand or con- 
tract. The appetite and general aj)j)earance were 
unaltered even in the last .stagms of the di,seasc. in 
some fowls diarrhoea wa.s noticed in the later stages. 

In another flock, where r(',cords of mortality from 
this condition were maintained over a pc'riod of three 
years (1941-44), the disease persisted year after 
year, preva,iling at all siui.sons. The losses, though 
small, occum'.d at irr(',gular int(',rvals. Of r)'42 
mature fowls, which died or were kill'd during the 
above ])erio(l, Icuco.sis was diagnosed i)a.sl~)ii(>rft>M 
in 139 or 254) per c<.mt. 

In another area, one of n.s_^ recognized tlm disease 
in widely-separated localities. 1 nvostigalh)n revealed 


The prevalence of the disease was first investigated that the foundation stock at all these places was 
on a small commercial farm, which was started in obtained from one central farm. Dead and living 
1936 with about 100 birds, and has been subjected fowls obtained from the latter showi'.d evid('nc(,* of 
to considerable iu-breoding. In 1942, there were leucosis. 



Fig. 1. Standard wool samples showing varying percentages of mcdiillation as seen under benzol 
From left to right 

1st row 5 15 30 40 50 

2ud row 60 70 80 90 100 

Note. The authors regret that owing to non-availability of suitable material a photograph could 
not be prepared to the desired standard. 





Fig. 2. EBlargament of Uver aod spleen t„„iours 



Pathology 

Tlie following deBoriptioii is based on a study of 
niatcrial from 154: natural cases of the disease from 
all over the country. 

Gross lesions, Frequently the most striking 
change noticed ■posi-mortem was a uniform enlarge- 
jneut of th(^ liver and spleen due to a soft, greyish- 
vellow infiltrating tissue (Plate XY, fig. 2). The 
liver was swollen to several times its normal size, 
weighing in some cases as much as 1|: lb. (normal 
weight 2 oz.). The borders were rounded and there 
were small grey areas on tile surface and dippi^ 
into the organ producing a greyish roughened hob- 
nailed appearance. 

The Myer was friable, resulting occasionally m 
j'upture and internal haemorrhage. In many such 
cases, the kidneys (Plate XVI, fig. 5) were also 
affected. The bone-marrow was constantly involved, 
being swollen, pale-grey or brick-red in coloxir and 
abnormally solid. Anaemic changes were indicated 
by pallor of the comb, skin and visible mucous 
membranes. 

The commonest manifestation, however, was the 
occurrence of tumour-like masses in the internal 
organs. In order of frequency in which the viscera 
were affected was liver, ovary, mesentery, .spleen, 
ixancreas, kidney, intestine, gizzard, proventriculus, 
voluntary muscle and skin. The tumours were 
well embedded, white or pink-grey, friable and 
varied in size from that of a pea to that of a hen s 
egg (Plate XV, fig. 3 and Plate XVI, fig. 4). Often 
the affection was localized, but sometimes the in- 
volvement of adjacent organs rendered it difficult to 
demarcate the boundaries of different structures. 

In the nervous form of the disease, characterized 
by paralytic symptoms during life, changes were seen 
mostly in the sciatic, vaguis, brachial and lumbo- 
sacral nerves. Instead of having a healthy g]i.stening 
w'hite colour, they were greyish yellow, oedematous 
and enlarged to several times their original thickness 
(Plate XVI, fig. 6). The normal tramsverse striations 
were often indistinct. Growths, millet-seed in size, 
were occasionally seen on the surface of such nerves. 
The posterior root ganglia of the cord were found 
AsynKjtrically enlarged in a few cases. 

In the ocular form shown by blindness during life, 
the iris was thickened, oedematous and depigmented, 
the pupil being distorted. 

Thickening of the long bones, particularly the 
.shauks, was seen in two localities in fowls which also 
showed other forms of the diease (Plate XVI, fig. 7)* 

Histology. The enlargement of the liver was 
usually due to massive infiltration of the strorna 
wdth immature blood cells which predominated in 
tlic peripheral blood and abounded in the bone 
marrow, liver, spleen, kidneys, etc. In the liver, 
Avhioh is the commonest site of infiltration, both 
intravascular and perivascular iie(;uimilatious were 


seen. The visceral tumours wete usually comiiosed 
of closely packed small and large basic-staining non- 
granular mono-nuclear cells (lymphocytes and lym- 
phoblasts). The invading cells infiltrated the 
parenchyma, and in some cases ultimately replaced 
it. There were no degenerative changes in the 
normal elements and these remained intact until 
entirely replaced by the infiltrating cells. In the 
liver the distribution of these cells varied Iroin niild 
periportal accumulations to massive infiltrahion.s, 
completely masking the normal tistsue (Plate XVlij 
figs. 8 and 9). The lesions in the nerves consisted 
essentially of similar cellular iufiltrations among uic 
nerve fibres (Plate XVII, figs. 10 and 11). The brain, 
however, was unaffected even in the nervous form. 

In the eyes, the iris showed lymphoidal cell infiltra- 
tions ; the cornea was normal in structure, the retiiia 
usually unaltered and the optic nerve showed onl\ 
slight cellular infiltration. 

Discussion 

Tlie (!onsensii,s of exjiert opinion j Bulb s, 1944 j 
groups the several manifestations of this disease 
under the term ‘ avian leucosi.s complex As the 
disease is characterized by definite tissue changes and 
as its transmission is diffcult or uncertain [Stubb.s, 
1938], histopathological evidei^ce alone is considered 
.sufficient for diagnosi.s. In this country, the climcai 
syndrome, gross lesions and histological features of 
the prevailing disease w^ere seen to be typical of avian 
leucosis complex and comparable strictly wiDi the 
disease existing in Great Britain. All th.e different 
manifestations were encountered, but a striking 
feature was the preponderance of the visceral form 
of the disease compared with the neural and ocular 
forms which are more commonly met with m other 
countries. The reasons for this are not known 
All the common breeds were seen to be affected, 
but, a.s the .survey was confined to organized poulip’' 
farms maintaining chiefly fowls of exotic breeds, 
information on the incidence in indigenous breeds 
i.s scanty. This is an urgent question fur investiga- 
tion and warrants an extension of the survey to 

village flocks.; i , 1.1 1 

It was observed in the course of this survey tnat 
the advent of the disease may be hardly noticed in a 
flock and the danger of its jireseuce rarely appreciated , 
as only a small percentage of birds seemed to be 
affected at a time. The appearance of other epidcmu' 
diseases, such as Kanikhct disease, is a spectaculai' 
event, callmg for urgent measures, whereas m this 
disease accurate mortality records alone 4hc. 

true measure of its import. In one of the flocks 
the disease has been held to be responsible lof 
25*6 ;per cent of losses in mature fowls during a 
iioriod of three years. In some floek.s it may be lat 
worse, as the following statement fiom the. Jieport 
U. S. Beparimenl oj Agrkulbnc iWinlon, 1943] 


a 



ikowB, ‘ LyuiplionuitoBiH, one form ot ‘ avian lenoos^ ' - (4)' tn afc least one atea the disease seemed to have 
:Qm]j}ex ’ manifested by paralysis, grey eyes leading si>reacl tlirougli the distrilniivif)!! of stock from 

;o htiiKfeess, and enlarged livers, eontinues to be the 4 central farm, 

jauHc of (-lose to 40*0 per cent, of tbe totalioss. , \(5) ,Tbe olimeal syndrome, gross lesions and his- 

.yoiU'ly loss from this disease complex alon4 tology of the diaoaso prevailing in Ibis country are 
rmoiints i-u more than 52 million dollars For the described. Tliese are typical of ‘ a,vian leucosis 
instihition i>f prompt control measures the importance complex’ and ^strictly comparable with those of Ihe 

of detecting the disease, in a Hock at an early stage is disease seen in Cfreab Britain, All the- diHerent 

evident. manifestations of the disease (visceral, neural, ocular 

and bone form,s) were .scon, histological cxamiiiatiun 
Kummaky revealing evidence of collukr infiltrations (lymphoid, 

(,l) The exist ence of ‘ avian leucosis complex ’ myeloid and erythroid). 

(fowld-])aTaiy8is) in widely-separated localities ^ in REFERENCES 

India has been established on Instopathological jjacjjan Singh (1940). Hep, Vet, InveM. Officer, G.P. and 

grounds. ^ Berar, 9 

(2) All the common breeds were noticed to be Enllis, K.L. (1944). North East Poidiryman, 38, 6 

affected, but the survey was confined to organized Kama, R, L. and lyor, S. G. (1937). Misc, Bull, Imp, iJeun. 
poultry farms primarily maintaining exotic _ breeds, (1941), Indian ,/. vd. .SVi, 11, 367 

The incidence of the disease m dm fowls m rural Krishniengar, K. (1937). Bep. Civil Vet. Dept. Mysore, JO 

flocks remains to be investigated. Mahajau, M. R. (1934). Hep, Yet. Invest, Ofiicer, Hyderabad, "I 

(3) In one flock the disease persisted year after ■ Mohey-Been, M. (1934). Indian vet. ,/„ 9, 205 

>-oar «cl prevail, >,1 in all anaaona. It waa reapamible S "Z’sf tT 

for 25-() iiereeiit. of losses in adult birds during a winto,,, b. ( 194;^. lab. MieMyan, 1 

period of three years. 


NEW liECOmS OF Nl^MATODE PAIUiSimS FROM INDIAN KUMJNANT 


By M. M. ^AiiWAii, L.V.P,, Imperial V^cterinary Research Institute, Izatnagar 
(Received for publication on 29 .July 1944) 

M'ahhiiallagia MAinsHALiJ (Rausoiii, 1907) Orloff, 11, Bimilis TravassOaS, 1914 

. This species lius previously been recorded from 

This species has bei'ii recorded from several e.uuu- hill bulls in this eountry [Bhalerao, 1933]. It has 

tries, and IVloiining [1940] lias given a comiireheusive now been obtained by the writer from cattle and 

account of its morphology. According to him, buffaloca at Hialkot (Punjab). In tlie writer’s 

its distribution in B. Africa is restricted to desert specimens, the spicules are from 0-27 to 0*28 rain, 

areas only. It was obtained by the writer from the long, and the gubernaculum is about OvllS nmi, 

abomasimi of the hill goat {Capra sibirica) at Mukte.s- long. The liarbs of the right and the left spieuie are 

war, Kumaim. 0'05~-0*55 mm. and 0*04 — 0*042 ram. long respec* 

Haemonohiis longlstii‘E.s (Railiict and Kcnry 1909) *Nely. KEFEjiiCNdCw 

Tills jiamsite has already been .recorded from i^haicrao, G.D. (1933). On some noniHtodo fiarasili's of 
eamels and sheep. The writer obtained it from the goats and aheop at Muktoswnr. Indian ./. vH. dci, 8, 
abomasum of goats, slieci) and cattle at Lahore, 16(5-73 

Pnwh-^u-ir fttid KursfOii Bottip nf flip TTiPHsnrpm puts Conning, H. (). (1940). ALarshaUatjin mamhaUt (Runsom, 
iesJuWcU and Naiaclu. borne oi tiie meH.suiement& 

considered useful m specific diagnosis are given in ^hp^p in iSoutli Africa. Omhrstrpoort, J, vet. Sci, 
Table I, U, ilM9 

1’ablb 1 

Meaniremenls useful in specific diagnosis 


I.otiKtb cf Hpicules .... 
Barb of ripht spJculi* . , 

Baal) of left spicule 

LonisUa of stcui of dol-sal ray . 

Lcnglh of the iTiaiu bTuueUeR of dorsal 


All tlio mcasuretuchUs aro givoii 




PLATE 


Section of liver sliowiiig cellular infiltra- 
tion in parenchyma 


DEMODECTIG MANGE OF GOATS IN INDIA 

Hy M. K. SliEENlVABAN, G.M.V.C., and 8. W. H. Eizvi, G.B.V.C., Imperial Veterinary Reaeatcb 

Institute, Muktcswar 

(Iteiieived for publkiation on S September 1945) 

(Wifchl*late XVIII) 


J}KMoitK(j'i'u: luaufif' of goats iias keen known in 
Ell. ope since. iHSi. when, Niedei'liHiisorn [:I881] re- 
oor led ike lirst east' at .Berne. Nocard and Kailliet 
1 1885 1 nu'Ofdi'd ilu' second case at Alfort, and Railliet 
|i8l!r>] dcacrikcd the, mite and named it Demodex 
fWiculoi'am var, caprae. Tlieteafter different work- 
“ors reported the occurrence of this infection in other 
parts of Europe. In U.S.A. the first case was re- 
corded by Cram [1925], and recently Durant [19d4] 
lias recoiTled some more. To our knowledge demo- 
dectic imrngii of goats has not so far been reported 
in India. 

History 

A batch of 50 female goats was jiurchased in March 
1944 from a goa,t market in Bareilly district of the 
United Provinci'.s. All thesis goats were picked out 
from different herds of far olf localities arriving at the 
market on the same da,y. Tliey were brought to 
Mukteswar and housed in an out-kra,al, wliere there 
was no pr<.‘.vioiis liivStory ol such in lection. The, 
number of goats purclunsed from any one herd did 
not excised five. All the animals are of nou-descript 
-plains breed with short-haired coats, and are being 
maintained by the Institute for breeding. In July 
194.4, some of the kids of this herd were found baying 
mangy eruptions on and umbw the. cnir.s, hxit scyapuigs 
of the affeeled ])arts were negative for mites. The non- 
specific nature of the lesions in kids j)rum]ited us to 
examine all the goa.ts thoroughly with the result 
that two goats were found with a squamous type of 
itch on the surface and liorder of tlie ears, while one. 
goat showed nodules on the face and neck. The 
material from botli types of lesions was found to 
contain Doiwdex. One of us (B.W.H.li.) has an 
opportunitv to examine about bOt.) goats at the 
same market recently and was able to dyteivt a few 
suffering from demodectic mange, .Chis diagnosis 
was confirmed microscopically. The mfcotioH 


were quite common and discrete on the face, neck ynd 
shoulders (.Plate XVIII, fig. 1); a few were noticed 
on other parts of the body. On pressing the nodules 
a thick, grevish, ribbon -like material oozed out. 
This material was a mass of mites at all develop- 
mental stages with nymphal oasts. 
of a pea-sized nodule might roughly contain 22,UUU 
mites. Very little loss of hair_ was noticed in tins 
form but there was occasional itching. ,, , j 

In the squamous type, loss of hair was well marked. 
The lesions varied in size from a silver two-anna bit 
to an eight-anna piece and even bigger iii some cases. 
The lesions were more or less circular and covered 
with dry reddish-grey discharge which macle them 
appear raised. Scraping the lesion was quite pam- 
fiil and revealed a vascular base. .11 le mites w 
not nuiueroiis in lesions of this type and no nocu es 
could be detected in the affected area. The lesions 
were confined mo.stly to the ears and some^ cuses 
to the back and face (Plate XMII, fig. 2). 
bergh and Solilottliauer [1925] reported a case of the 
squamous type of Demodes infection m goats m 
U.S.A. In the acute form, nodules of small size 
coalesced together and liurst releasing a 
which caused matting of the hair. There more 
ibching in this form and the goats lost condition. 
Probably the hair follicles were not apeted as 
there was no loss of hair. Soinetinies the lesion also 
extended to the teats (Plate XVIII, hg. d). 

The course of the disease in its nodular form appears 
to be indefinite, but in the squamous and acute 
diffuse forms it is shorter and can perhaps be con- 
trolled. It is necessary to mention that,^a8 soon as 
tlie disease was detected, all goats with 
suspicion of infection were removed 
stock but on subsequent exammatioim of the hoalth) 
lot it was possible to pick out a few more infected 
animals, In all - out of « goats we 


was omnfimicd niioroBCOincpiy. T’lio infeotion Tlif yomgest animal found naturally 

appears to exist in Favuk ,abm and Ktah > letamts of one and half year of age. No kid even 


appears i-u - - 

United Provinces from wbore these goats, had come. 


Clinical .(.'nATUiiRS 

ty]>es of lesion were eucounterod, viz 
squa-mnns 


( 1 ) 

dermatitis and 

coalesced noilules with 


Til . 

discrete, nodulna, (2) . 

(5) acute dcnuiitilis oyer 
siiidil matting of the hair. 

Tlie. gout, sliowing the nodular form wa.s rather 
weah and had two kids to suckh^. The nodules 
varied in size from a millet seed to that of a pea and 


Sed was one and half year of age. ^o ^id ®ven 
tliough in contact with an infected mother, bas so 
tobeeii found to be affected and this is m coifforinity 
with the observations- of Hardenbe-rgh and Scblott 

hauer [1925]. ,,, 

Transmission 

Experimental transmission of demodectic mange is 
said to be very difficult and no positive results appear 

to hayfLen reported. Mobler [,l940y mentions 

that attempts to transfer the Demodex of cattle by 
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hriiigiag infected noduk'P into direct contact witli 
healthy skin, as well as by all other poshible methods, 
failed,' We have Buccoeded, however, in transnut- 
ling tile goat Bmodex to fonrntil of six iieslthy goiits 
ill the following ways, 

(rronp 1. Three young goats (two lemales and 
one male) and one hill-hull were used. Tfresli .inloc- 
tive, nuiterial, ohtahu'd from a goat, was applied 
oil botii sides of the, neck u[) to the hasew o[ (he 
ears after closely clipping the hair, A second 
application was similarly made a week latwr, 

Groiq) 2. Three young goats (tw’o females a.nd 
one male) and one hill-bull received the, Hame, material 
as Clroup 1 , hut the skin was shaved before a pplying 
the infective material. A second application was 
made a week later. 

TIill-bulls w'erc included in those expcritmmts to 
see whether the mites of one spocioH afIVeted another, 
as supposed by Znrn, Babes, Lowandowsky and 
Scott [quoted by Hirst, 1921], 

All the experimental animals were kept under 
strict isolation to avoid any chance infee tion, A 
month later none was showing .signs «>f the disease. 
Later examinations W'cro made at we<>k1y intervals 
and at the, end of four months one goal, in (Itoiip 1 
show'ed a few millet si/.ed nodules at the ian-vw and 
pinnae of the eans and on mie shonlder ; Ihviixh'x 
was found on micrnscopieal examination of the 
contents. One goat, in Croup 2 showed similar 
lesions at the end of five numths and one more in 
each of Group.s 1 and 2. developed the, disemsif at 
the end of eight months. 'I’ho two male goats, one 
in each group, and three kids horn ajiprovitmitely 
ftve months after the experimental infee.limi of the 
mothers, did not show infection. Tt is intiTosting 
to note that in none of the four goats experimentally 
infected with the disease, did lesions dovadop at the 
seat of apjdication of the infective material. This 
may probably be due to tlie close clipping and 
shaving which made the jtart unsuitable for the 
mites to establish them.selves and forced them to 
migrate, to the neighbouring parts covered with 
’air. 

Out of the two bulls used, one in Group 1 showed 
a few millet-sized nodules on shoulders and dcwhi|) 
after four months. The material collected from 
this bull showed demodectic mites. Tt was at fir.st 
thought that this was experimentally transmitted 
infection, but on careful microscopical examination 
the mites proved to be cattle Demodex, being nioridio- 
logioally identical with specimens collected from 
a calf at Hissar in 1936 by Mr M. Abduasalam who 
kindly lent us his collection for comparison. From 
this it may be concluded that tliis bull wa.s incubatiug 
a natural infection of Demodex at the time of coming 
under experiment. But for tliis detailed study of 
the mibeii and their comparison with identified 
specimens, we might have erroneously believed like 


".some other workers that Donodcj- of one host s]>eoieR 
can affect another. 

Tn tlie case of the art ilicial infecluon in .goats the 
h.'sion.s were .sin, all .and »»!' non-pi'ogres.sive type unlike 
tlie natural infe.i.'.tioii. !u one animal (h(\v tlisappear- 
ed ill a, bout nine months. Th<‘S(' goats w<*r(> in good 
eondil'iou arid a, re again in kid, Tlie non-progri'ssivi* 
uainre of the di.sease may l>e due (o (he goa(.s hoing 
in prinu.? comlition. 

ihSt’OK.StON 

In i(.H principal eharaelers the mi(e {Plate X,V!ll, 
fig. 1) agre<*,s with the drseription given by Raillhd. 
[1895) and Gram [1925 j and lh(> le.sions also agrees 
in the main details with goat demodeo.osis reporte<} 
in foreign c.oimtrie.s. 

The source of the original iiifeelion could not he 
traced hut it is presuuu'd that, (ua* or two of the 
gosits "were iiifecicd before purduise an<l that (hey 
passetl the inlVe(.ioji on to other.*; by long eohabit.a- 
tion. Judging from tlie expcrimeutiil <la({i, given 
above the- period of incubation in natural eases 
appears to be tm(. less than four nion(.lis, 

•Mere oce.a.sional contact doe.s not introduce the 
disivise, as t,\vo T?ar!)a,ri bucks which came, in ejose 
but occasional <‘on!ac.t for one year with the infected 
goats have shown no sign of infect.ion. Further 
a batch of experinumtal goats W'RH already brniaetl 
in the .s.'inie kraal since Heptembor U)33, and eanm in 
occasional eout.act with the iufe.eied tlfxdi without 
getting itifccL'd. 'I'he, non-in f<‘(9ivity of the kraal 
is shown by the fae.t that the cxperimmital goats 
referred to above, are. still healthy. Both pri^guant 
and non-pregnant go;i,l'..s wfu'e found atT('<‘t,ed ; this is in 
contradieton to the belief of Hissling and Martin 
[(pioted by Oram, 1925], who thouglit that only 
pregnant goats .sulfere.d. 

Hummauv 

1. 1)etnudccbic mange of goats i.s recorded for the 
first time in India. 

2. The mode of spixaul of the. infection appears 
to be through long cohabitation. 

3. Hiieklingkiils in contaet. vvith di.seased Tn(9;ber.s 
have not been-^'a.ffi'cted. 

4. The infection has shown no special alfinity for 
pregnant and long-haired goats a.s reported in foreign 
coTinti.‘io.s, 

,5. Ihvperiment-al tran.sniis.-dum was .shown to be 
jiossibie, infeidaon. occurring after an incnhalion 
period of 4.-8 months. 

HKFIdiiONCKS 

drain, K. I?. {111^5). ,/. Ames. ref. mnl. 66, 47,')-, SO 

Dimmt. 4. ( Sill I). V (. 39,2(l,S-7n 

Hru'dcJibe.i'jdi, A. Cl, ainl NcliloM iiaiinr, ( ‘. t’, 

.two'. r,i. wrd, 6L IS(i-Sl) 

Hirst, (S. (tSUH). Sh'ilie.v ,ih Irurl. The (/e]ni.'i ))> ■iiiiiles, 

(Jtir)i i5ri(;i.'il< ''.luf-’ciar; of Mfii.ur.il lii.-,t.nrv, Ixauloii 
Moliler, .1. U. llUlU). Her. I'. .S', fhir. Aniw Iml., H'A 



Nodules on face and neck 


Fig. 4. Demodex caprae in all developmental 
stages (x57) 


Fig. 3. Diffuse acute lesion 
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Niedt'rluui.wji, V. ( IS81), ('ilccl in JN'i'iimnuti (.19(15). TieMti.s». 

OH //ir param'//i and piira^ld'^ of fh" dotiKiHliriilxl 

HaillKUi'., 'I'indall and {'n\, Lumlou 
NnciU'd, K. and JSaillinl., A. (ISda). Oit.nd in Nonraaini (1905) 



Trenllftc oh tho pnradtes and parasiiic diaca-tis offhr ihonesti- 
ailfd a/nawa/?. .Bailliere, Tiiidall and (Jos, London 
Railliet, A. (1895). Trailr dc Zooloj/ic J,It.dicah (‘.i Atji-icola, 
I, 2nd fid. Asseiiii et Hcnizeau, Paris 


MKNrN(H>-ENCEPFIALTTlS IN A B1T0.H 

l^y 1*. K.Sii.arma, P.V.8.J l*uiij«b V'otej’inazy ('ollnjfn, Lalion* 

(Htajoivetl for publictatioii <)n 29 iScptombar 1945) 


A UXTOH wA.s adniiUod as iii-pationt ou 12 ISTovom- 
l)or 1944. 

HiHlory. 8h« had whelped tioi'mally oii the 10 
November 1944 and suddenly went blind two days 
later. ' . 

iSi/mptoms. When let loose .sin; kept walking round 
in an anti --('loek wise direction. Tlui pxipils were 
dilali'd and there was eo!n]»jeie loss of vision without 
any ('vident abnormality (annuirosis). Idhe h.-nl 
(>eriodic (its of exciteaneni acconijiaiiied by loud 
cries. Theix' v\ms staggering gnat ifi tin* iiind bml-fs 
and the Innad was o( (Nasioually juislic.d inlo tht' <‘(jr(ier 
of l!u' k(Minel. Marked spasms and stiiTiiess of the. 
neek museh?s wen' also observed. 

hater on tin; eir<‘l<; in wl)i(di she walked !n;eame 
narrown'r and narrower till at last she used to rotaie 
around lier own axis. After walking a few sl.eps Ih.e 
head W'us depressed and a <’oinj>leto .summersault was 
performed , Her body tomjxorature ranged bt'twi'en 
lO.'V’ and lOPF. Init in the last stag(',s it came down 
t.o i()2"F. Ihu’alytie .symptoms set in so Ih.at .she 
was unable to stand. Sin* died on 20 November 
Itl'll under general ])aralvsis. 

Pont mut'lem. 'Idle, meninges were found congested, 
adherent (,u the brain substance and sltiddi'd with 
.small liamnorrhages. 'I'he uteru;’. conl.ained a smai! 
quantity of In'ownish disciiarge ami tlie uterine 
tuu<‘osa w’as inlianu'd. it ;!,ppears tiiat the prim ’,ry 
foeus of infeelioji was the uterus w'hie.h gave rlta to 
menuigo-enetqtbaliiis. 

The, histojtatliologieal exiuuinat.ion of thx; cereliral 
cortex shownul acute congestion of the blood ves.sels 


with perivascular cellular iiihltration. No other 
dege.ne.rati ve changes were .seen. . 

A culture from the cerebral cortex rvas prepared 
on agar and blood agar mctlia and subcultures were 
made ou the .same nuMlia xvhich wore sent to the 
lm])erial Veterimiry Ko.st'art'h Institute, Mnktesxvar, 
for determinative barderiology. Tlie organisms were 
unmd to be- gram-negative rods fermenting doxtro.sc, 
lactose and maiinitc with t.ite production of arid ami 
gas. . _ 

ft was ihcrcfoiv! con<‘liiiled that, the organisins 
bolongtsl to li. eoli grouj), 

SrMMAKV 

casi' of m.ehingo-em'ei)haiitis iji a bitch has been 
de3c:ril.)e.d. 

It apj)cafed frmn a post-mortefn exaniination that 
th(> ])rimcu’v focus of infection wxas the utt'riis. 

From a .study of fultiiros from (Sirehrai cortex for 
dt'i.c.riiiiu.al.ive bacii>riology, it W'a.s concluded that tbe 
organism bcitjjiged to />’. noli group. 

.\cRN'OWLKiK!nMP,XT 

AiV th.inLs arc dtu- (o J. S. (Jarewml, Fjs<ir.. f.V.8,, 
M.lhh.V.H., Princij)ai, Punjab Veterinary College, 
Lahore, bu' providing nece.s.sary facilities at the 
Coilege asid to J. 11. llatidov.f, ksqr., M.J1.C.V.8., 
Cdliccr-iu'Chargc, ilac.t.eriology and Pathology 
Sections, Impcri.’d Veteriiuiry llesearcii Institute, 
jVhdvte.swii.r, for <lctt*rmi native i)acu.‘riologic<d work. 
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IN VITRO STUDIES OV THE BASIS lOR 8ULPANILAMIJ)R THICRAPY IN 

BOVINE MASTITIS 

By J. 0. Kakavas, Ph.D., Newark, Delaware 

(With two charts) - 


ThJ 3 Biilijc't't of sullVulilamido therapy iu bovine 
mastitis lias r<;e<iive(l considerable attention in recent 
years. Althouoli the early reports show contradic- 
tory results, more recent controlled stin lies have 
revealed that sulfanilamide, administered orally to a 
cow is of little or no curative value iu permanently 
eradicating the streptococci from the udders of cow.s 
suffering from acute or chronic mastitis. A new 
approach to the problem of sulfanilamide therapy iu 
bovine mastitis has been made in this lalmratory, 
and the results of the findings have been reported.’^ 
It was shown that whore Kulfanilamide is introduced 
in large amounts directly int(» the udder via the teat 
duct, ma.stitis streptococci are destroyed in most 
oases. The inirpose of this report is to present a 
study of some of the fmidamontal principles whhdi. 
govern the aetivity of siilfanihunide in resjieet to the 
infecting organism. 

Cultures and niediums 

The strains of l^trejitococeus mjaluctiae emjiloyed 
in this study, with the exception of three cultures, 
had been isolated in this laboratory from chronic 
case.s of ma.stitis. (hdtures 090K, V-8 and K.-161A 
were supplied by the Ledorle Laboratories and 
represent, respectively, types T, IT, and III of Lauee- 
field grouj) B. The identity of the cultures as Btr. 
agalaciiae was established by mean.s of physiologic- 
tests and serologic reactions, using the precipitin 
method of Lanccheld and the rapid agglutination 
test. Some of the cultures had been carried on 
stock culture medium for some time previous to this 
study, while, others wore of recent isolation. The 
test organisms were ti'ansf erred every twenty-four 
hours for two to three days to imsure rapid growth. 
Each culture wa.s then diluted in sterile water blanks 
sufhciently so that 1 c.c. contained approximately 
500 to 2,000 living organisms. As will be shown 
latex in this paper, the number of organisms present 
in the inoculum iufluouces the degree and rapidity of 
their destruction by the sulfanilamide. 

The mediunrs employed in those .studies were 
tryptose broth and tryptose agar. Their composi- 
tion was basically the same as described in a previous 
publication.^ 

'“PresSotfid before the Hoction on Sanitary Scitmeo and .irood 
Hygiene at the seventy -ninth annua.! me(?ting of the Amorioan 
Veieriaary '.^leclical A.ssociation, Chicago, Aug. 24-27, l!)42. 

The author is associate bacteriologist, Haskell Research, 
UmYersity of Delaware, Newark. 


Effect of ic m f tern t are an htctcrieUhd acfinili/ of 
Sylfanilumide, — \V\n\,e ami Pat‘k('r“ <l(mtoiistratcd 
that sulfanilamide at 20 mg. ])er eenf- is gm'mie,id;d 
against group A streptococci at 10 (b, but nol. al- 
37 G. Heishmaii ami Miller** also r(^pov^cd that n.u 
increase in inculiation teiujieraturc enhamu's tlui 
bactericidal action of sulfanilamide against group B 
strcptoco(!ci. In view of tlie above i*eports, the 
following experiments were condueted to ascrortain 
by quantitative determination.s the elTeet of .sul- 
fanilamide on BfreptoeorenH (ujiduHiae at dilTorent 
teni])e.ratu rc.s. I’ho tests w<*i'e cojidueted as follows : 
20 c.c, oftrypto.se bcotli (‘otilainitig 20 mg, per cent of 
sulfaiiilamidt^ W(n-(‘. placml iu .50 {•.('. ihisks. I'he. 
control Husks <‘ontaim‘d tjyplost^ broilt only. The. 
test organisms vve.ni grown in (rypfose broth for 
twenty-four hours and tlum diiute.ci so that 1 c.(\ 
contained approximately 500 j.o 2.000 viable 
organlsm.s. One e.c. of l.he diliitmi euliui*e was 
placed iu eac.li flask. All tests were, run in dui^lieate ; 
one .set was incubated at 37 (.b and the e(»m])aniuu 
set was incuhatiul at 4.0.5 0, At iniervads of from 
five to twelve hours, a .smu.ll portion ivas wdthdniwn 
from each fla.sk and plac'cd in .seriad <!ilutions to 
determiiu* td>e. number of living organisms at each 
interval. With .some, of the eultnres the expe.riment 
was repeat, e.d witli a variat.ion in tlu' inoetiluiu whiidi 
consisted of over one million orgjt,uisms. 

fn chart ), tdie rtisults on four cultures are 
pre.sented. The ordinates represent the. number of 
living organisms at diil’erent iuttn-vals plotted in 
logarithmic .scale, and the abscissas ro.pivsout tie- 
time intervals in hours.' 'fie' results indicat.e that- 
the organisms iu the, flasks which were imui!)a,ted at, 
37 0. grew at ap[n*oximateIy the s.'trnc rate in' both 
the control and the suKanilamhhi (lasks. At d().5” 
C. the rate of growth was first ndai-de.d in both 
fla.sk, s, but .soon a divergemje oiicurred wlien-by the 
organisms iu the coiitrui flask continued to grow 
imtil the maximum growth was reaelied, which wa.s 
approximately the same as tluid- in the 37" (b ti;i.sks ; 
however, fdie organisms iu tliT^ flask, s wit li t.iie 2D mg. 
per cent .suifanila,mide were rapidly deen-asing in 
number until all the orgiuilsms were killed. 

There was some- variation in tlie numbe.r of hom'.s 
it took to ,sterili/<‘ tdn* vniri*)!!?-! euit-ures, !n some 
cases, the organistn.s w<‘re kilhsl in h-s.s I ban t-wenty 
hours, wherea.s in ol.her.s, it took slightly over thirty 
hours. In chart 2, the. re.sult.-.s ol'the tests in whie-h 
the- inoculum contained more t-liau 1,000, t'DD l)iiet(U'ia 
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in whicli the inoculum was small, 
iiV.ei' of H 11 Ifimil amide iu 20 mg. per 
variod (liivcM-lv t-o tlio amount of 
r(‘sulf,s of tlies(‘. tests demonstrate 
!(., in eoiuMUitrafiou of 20 mg. 
idal against Lanccfield group 11 
- wlum tlu' iiKuihatioii temperature 
‘ 40® 0. In this respect, Laneeheld 
eoc.Gi are afleeti'.d in the same way 


Sulfanilamide Therapy %n Bovine IVlasmis 

■4 


A(](U' cap-'plnie method. — To simulate eouditious 
(‘ornparablo to 1hose of the ooav's udder when sul- 
fanilamide is iuTroduccul directly into the lactiferous 
sinus, the l'o!l()win<-- tests wertreonducted with the 
:ioar cui)-i)lale method. Kardi culture of Sf.r. 


agalaotiae used in these tests was run in duplicate. 
In one Petri dish, the number of organisms in the 
inoculum was ten times that of the companion Petri 
dish . One milliliter of the diluted culture was placed 
in each Petri dish and 30 c.c. of trypto,se agar were, 
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poured on and thoroughly mixed with the culture. A 
sterile marble was ])]aced in the centre of the agar. 
When the agar hardened, the marble was removed, 
and the cup fornuMl by the marble was filled with 
a]iproximately i. c.c. of 37-8 per cent homogenized 
suspension of sulfanilamide in liquid petrolatum. 
The preparation of the homogenized sulfanilamide 
has been described in a previous indilieation,^ The 
Petri dishes w'ere then placed in the incubator at 
37*5° C. and at intervals of twenty-four hours, sub- 
cultures were made from the plates by cutting small 
pieces of agar at approximately 10 mm. and 30 mm. 
distance from the edge of the cup and inoculating 
into tryptose broth. The subcultures were then 
incubated at 37- 5“ C. and the jiresence or absence of 
growth was recorded at the end of seventy-two 
hours. Tlie Petri dishes were incubated for 120 
hours, and at the cud of this period, the zone of 
inhibition was measunul from the edge of the cup. 


according to the midhod of Marshall and Litchfield.^ 
The sulfanilamide concentration in tlui a, gar at the 
end of the test ])eriod was, on the aviu-agc, about 
730 mg. per cent at 10 mm. distance ami 100 rag. 
per cent at 30 mm. distance. 

Tablk 3 

The inhihitonj effect of suffafiikmide hy utrcpiococcm 
agalaciiae (F-I2u~4) metabolites determined hy the_ 
cup-plate test 

JiourK Sulioulturo SulicTilluro 
iiumbateil Ki'owth growth Size of 

Petri dish hetore l)el’orc after iaiilMtlon 

No. adding adding adding zone 

sulfaniiainide sulfaniiamidc siilfanilaniide 


0 


If) inm. 


Ntimher Baotorla per plat(! iOiiO. 


Table 2 

Effect of inoculum on ike eite of inhibition zone by 
sulfanilamide on Streptococcus agalaciiae {F-12a-4) 
— cup-plate test 


Hrs. incubatiou 
Iwlbrft sub- 


No. bacteria per IV.tri Uish 
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*a~KosnI(s of sulx-nlfuros nuule from ciip-plale at Ui mm. from 
edge of Clip. 

**I) = KosiiIts of suIicuUiires mude from cup-plali' at ;jo nim. from 
edge of cup. 

-I- ==Vlabie organisms present. 

— =No viable organisms. 

The amount of suliaiiilamidc which difl'iised through 
the agar wa.s determiued at tlie imd of the 120-hour 
period at two points ; namely, approxiina-tcly 10 mm. 
and 30 mm, from the edge of the eu[). The sulfa- 
nilamitle determinations wtu-e made by cutting small 
pieces of agar and ]dacing them in test tu lies which 
wore immor.scd in lioiling water to melt the agar. 
Tliis was tlicn diluted willi distilled hot water 
snflieiently high ,so that when the test was completed, 
a reading could he made with the slandard sulfanila- 
mide tubes. The te,st for suUanilaraide was made 


The results of this study arc summarized in 
Table 1. It will be noted that vsulfaiulamide. was 
bactericidal against all the strains studied, as shown 
by the inhihitiou zone around each cup. It should'*^-'*"'"' 
be noted, too, however, that I he size of the zones 
varies with the dilTermit strains. Idle .xiuallest 
inhibition zone was that of strain JB with a (1 mm. 
radius, and the. largest inhibition zone wa.s thuit of 
strain ODOR with a 25 ram. radius. It should be 
further noted that the Petri dishes containing Ihe 
smaller inoculum developed largi'r zones of inhibition 
com])ared to those with larger inoculnm. This is 
particularly well demonstrated in Table 2. 

In an attem])t tu find an exjilanation for this 
variation in inhibition as a residt of tin* difiVreiU'e in 
the size of the iuliibition zones, the following eiip- 
plate experiment was eoiifluctetl, series of Petri y.. 
dishes were pn'pared in tlie same manner de.scribed 
previously, using strain F-12a-i as tlu' test organism. 

The plate.s were iuciibateil at 37*5® It and tlie sul- 
fanilaraide-oil preparation was added at dilTenmt 
intervals in the agar enp. To Talile 3, the result of 
this test shows that when the organisms had an 
opportunity to grow for a period of aiipro.ximat.ely 
eight hours lieforc sulfanilamide was added in tin* 
cup, no inhibition zone developed around Ihe cup. 

It would appear, thenTore, that wljen t he organi.sms 
are allowed to multijily without tlu' int<‘rlVr(‘n(!(> of 
sulfanilamide during t.ho early growth stages, ba,cterial 
metabolit.es accumulate in the nu'diinn which nullily^ 
the iiac.tiu'icidal effect of sulfanilaniidio I'Ih' i 
difference, in suseejitibility of the various sl.raiiis to 
sulfanilamide, may be explained on tdie liasis of tfie 
above finding.s ; nanudy, that group Pi streptococci 
produce a sulLinilaniide inliibiling subslancc or 
aubstanee.s and that some strain.s [irod ncc more act i \'e 
or more abmida 'it inliibiting metaboliie.s tdian others. 

F-aminohenz<iie, acid and si Ifanllamide art icily 
for group B streplococoi. — T1ie pr iblein of the nal.uri^ 
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Results of subcultures made from above tubes into tryptose broth 
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of the liJictoriciditl iictiou of sulfanilamide lias been 
made much (dearer liy Woods and E’ildes® who 
discovered that p-aniinobcnzoic acid* possesses 
anliwidfanilainide activity. It subsequently was 
sliowu by Woods” that yeast extracts contain a 
snlfauihunide inhibiting substance, and he presented 
cvidenre to indicate that the yeast factor may be 
p-aminobenzoic acid. Fildes'^ considered that p- 
amiiiulienxoic acid was an essential metabolite for 
ba(*tf‘.ria.. Tlidibo and Gillespie® have claimed the 
recovery of p-aiiiinobenzoicj acid from Clostridium 
(tir.tohuljjlieum and showed that the acid acts as a 
growth I'actor for this organism. Since it may be 
])Ossibh‘, that Jaiuceliidd group B streptococci may 
also produce this add as an essential metabolite, the 
following ('X])erim<!i\t was conducted to determine 
whether p-aminobon/oic acid exerts the same inhibi- 
tory effect on sulfanilamide for group B streptococci 
as it does for other bacterial species. 

A series of 13 tubes were set up, each containing 
10 c.c. of tryptose broth. Into each of the 11 tubes, 
100 mg. of sulfanilamide was added. P-aminobenzoic 
acid in increasing amounts was also added, the first 
tube, receiving 0-001 gm., and the tenth, 0-01 gm. 
Tuixvs 11, 12, and 13 served, as controls for sulfa- 
nilamidti, i)-aininobenzoic acid and tryptose broth, 
!'(!Si)(ic1iv{‘ly. Strain F-12a-4 was used as the test 
organism. A])proximately 240 bacteria were added 
iu cadi tube. The tubes were then incubated at 
(i., mid at 24-hour intervals subcultures were 
m.adc, into tryptose broth, using a 4 mm. loop. 

Till' ])-amiiiul;)eiizoic acid used in this work- was supplied 
by the K. I. duLtmt’ de Nemours and Company. 


Eesults 

The data presented in Tables 4 and 4A show that 
0-006 gm. of p-amiiiobenzoic acid was sufficient to 
nullify the bactericidal effect of 1,000 mg. per cent 
sulfanilamide. In the Bulfanilaraide control tube 
(No. 11), which contained 1,000 mg. per cent of the 
drug, the organisms were killed within a period of 
eleven hours or less. The maximum concentration of 
p-aniinobenzoio acid (0*01 gm.) n.sed iu this experi- 
ment had no inhibitory effect on the organisms. In 
Table 4A, in which the results of the subcultures are 
recorded, it will be noted that 0-003 gm. and 0-004 
gm. of p-aminobenzoio acid exerted partial inhibi- 
tion on sulfanilamide activity since the organisms 
were not killed until after forty-eight hours* incuba- 
tion. When p-acetylaminobenzoio acid was sub- 
stituted for the p-aminobenzoio acid, the sulfanila- 
mide activity was not inhibited. These results are 
shown in Table 5. It is of interest to note that the 
loss of activity of the acetylated form of the acid 
corresponds to the loss of the bactericidal activity of 
the conjugated sulfanilamide. These findings lend 
further support to the theory timt sulfanilamide 
exerts its bacteriostatic action by coini^eting (on, 
account of similarity in molecular structure) with, 
p-aminobenzoie acid in some enzymatic reaction 
essential to growth.^ Further studies in the field of 
the antisulfanilamido factors and the possible dis- 
covery of substances winch will neutralize their 
activity should lead to valuable and ffir-reaching 
results. 
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Table 5 

Effect of p~ncetylaminobenzoic acid on sulfanilamide activity for Streptococcus wjaUtctiae in tryptone broth 
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Results of subcultures made from above tubes into iryytose broth 
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.Dikcuhsion 

Altliouifli ifc is not possihlo at prosoni formulate 
a concise ex pin, nation for tin', niodo of action of sul- 
fonamido drugs on microorganism, s, certain facts 
have hcen revealed wliicdi Iia\e an iin])<)rtant hen, ring 
on the use of tlitesr! drug,s in c.hcniotherapy. In the 
light of the results presented in thi,s study, at least 
three factors juust !«> taken into o(uisiderati(>n in 
the treatment of Etr. afpihrliae infeclion of the 
bovine udder. In the first place, at normal body 
temperature frhe lent dud, and the clinical result of 
those .studies have b<3cn rep<»rted in a previous 
publication. 

In addition to t.hc: te,nipera,ture and the drug 
coneentration, n, third fact(»r has been discovered 
whioli influences the activity of .sulfanilamide. 
Amorjg the many bacterial (.^7‘' C) sulfanilamide 
tempera!, lire (37'^ Ck} ,snlfauilamide in the (nmeentra- 
tion of 20 mg. ]ie,r cetd is md germicidal against 
agnlactiae. A rise of tlns'e to i‘onr degi-ee.s above the 
normal temperature is rm] aired to destroy these 
organisms with 20 mg. per (-ent sulfanilamide. Since 
strejitococci mastitis is ij.sually a nonfebrile infection, 
and since it is not possible to raise the sulfanilamide 
level in tdie body of the cow much above 20 mg. per 
cent, without producing serious damage to the animal, 
the oral administration of snifanilamide i.s of little 
or no thera])cufie value in the treatment of 
strejdneocci mas t i ti.s . 

Tn flic .second jdace, evidence i.s prc-senlnd to show 
ihat sulJanilamide i.s germiej(lal for Eh', ayalactiae 
at37®(k in concent rations above 100 mg. jier cent.* 
By analogy it may be assumed that; since a high level 
of sulfanilamide couceid ration is imdonbfcmlly es- 

* /'« I’Uro ex[)(*riincu(-s coiKliicU'fl in t-liis lalmratory have 
shown that considerahlo variation oxiats in fin.sce])ti lulity to 
snlfajiilainide by tlieso organi.srns ; .sonio .strains were k'illod 
with 100 rag. por cent ; others retpiii-ed 800 ing. per cent, 


tablished in the miu‘o,sa of the stomaidi a.ud sm-'Ul 
intestine wdien the drug is given orally, simitar levels 
may 1)0 attained in the mammary ti.s.sue if the drug 
is given uia the. teat dimt, and the clinical results of 
those, .sl.udit's Iiave. been ri'ported in a ])revi(njs 
publication. 

In addition to the tmiijn'ratim' ami the tlrug 
concentration, a thin! factor has been discovmHsl 
which influeiices tin* aetivit.y of suiranila,mide. 
Among the many l>act,eria! metabolites, p-aniinoben- 
zoic acid, which is claimed to be an es.sent.ial growth * 
siibstaiice, hn haetm’ia and whieli .\u,stjju*her‘* claims 
to lie a vitamin of t he, B complex group, has Inum 
found to bo a .sulfanilamidt' inhibit.iiig substance, 
.From the experimental data pre.sented in this report, 
Str. af/alartiae produces metaholiti's whicli eouiiteriicf, 
the bactericidal efi’eet of sulfanilaimde. Mo {i,i,tem[)t 
W'as made to identify the nature of tiira inhibit.iiig 
subBtauce. However, p-a mi no benzoic acid was found 
to nullify sulfanilamide activity against orgaiii.sms 
of the Lancefieki grouf) B in the .same tmuimm t hat 
manifested for the other liactmial spt'cies tliat have 
been reported, 

SUMMAKY' 

(1) The results of tlu'sc in vitro tests reviuti thaf- 
at body temperatun* (37‘’ (A), .sulfanilamide in a 
concentration of 20 mg. per ( 2 ent lias no bacte.ricidai 
effect against .Lancefield group B sf.rept.oeucc-i. 
However, a concentration of 20 mg, per fumt. of 
sulfanilamide wall de.stroy the.s(‘. sfreptoeoee.i .af. a, 
temperature of '10-5° (J. 

(2) In order for .sulfanilamidi' to la* bacte-rieidul 
against group B sfeniptococci a,t ,37* .b'"’ (k, it is 
nooe,s,sary to have a eonei'iitraf ion of the drug of (»ver 
100 rag. per < 2 ent am! this high <lriig level musf. ix* 
attained during the early hactcria! growth phase. 




(3) P-atTiinobeuzoic acid lias been found to 
counteract the gecmicidal properties of sulfanilamide 
on the Lancefield group B streptococci. Under the 
conditions of these experiments, it was found that 
one part by weight ol' p-aminobenzoic acid nullified 
t he germicidal ofiect of 25 ])arts by weight of sul- 
ranilaniide for strain F-I2a-4. 
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inhibiting substances which, may lie present 
in the infected area. 

♦Woods, D. D., and Fildcs. P. ; The Anti-Sulfaiiihimide 
Activity {in I'iiyo) of P-Aminobenzoie Acid and J^eliitod 
Compounds. Ohmi. IndijsL, 59, (IMO) : 133 

« Woods, D. I). ; The Relation of P-Aminbbenzoic Acid 
to the Mechanism of the Action of Sulfanilainidc. Brit. 
J. Bxper. Path., 21, {\ 940) : 74-90 
’ Fildes, P, : A Rational Approach to Research in Chemo- 
therapy. Lancd, .7, (1940) ; 950-9.77 _ ■ 

® Rubbo, S. D., and Gillespie, ,T. iVf. : P-Aminohenzoic Acid 
as a Bacterial Growtli Factor, Xature, 146, (1940) ; 
838-839 

* Ansbacher, 8, ; P-Amiuobonzoic Acid, A Vitamin. 
Science, 93, (194:1) : 164-165 
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The water economy of farm animals. L T-eitch 

and J. S. Thomson (1944), Nutrition Ahniraefs 

and Reviews 14 (2), 197-223 
Althouoh water metabolism is an imitortant 
])hysiok)gicii,l factor having considerable bearing on 
animal production, the subject has not receivoxl the 
attention it deserves from research workers. In the 
publislied literature, most of the reference is eouceriied 
with catths referencoH being very few on other farm 
stock. 

Since the dry matter of a ration is generally ad- 
justed to tlio metabolic needs of the consumer, the 
existence of a relationship of total water intake to 
the dry matter of feed might be considered probable. 
The available data, however, show the lack of such 
straightforward relationship. The absence naturally 
suggests several ascertainable causes which may 
influence' water intake. 

A close examination of several methods of disposal 
of ingested water should furnish data on which the 
requirement can be based. The disposal of water 
from the body fakes place through faeces and urine. 
A portion is vaporized to dis.sipate heat increment 
incident to food consumption. In growing or fatten- 
ing animal, water is retained for the newly -built 
tissues. In milch cows, water is disposed of in the 
milk. 

The water content of the faeces is independent of 
the protein content in the ration and of plane of 
nutrition. When, however, the ration includes a 
rougliage of lower digf'stibility, the faeces voided is 
more, moisf,. Although data are few to study the 
pos.sible coi'7'elation between the moisture and other 
consf.itueuf.s (.if faces, it is noted that moisture content 
inercasi'.s with iucrf'asing crude fibres and nitrogen- 


free extract, but by no semblance of mathematical 
proportion. The fecal moisture in cattle can be 
approximately reckoned as 80 per cent in steers and 
dry cows, and 85 per cent for milch animals. In 
percentage the water content in the faeces of cows in 
milk seems only slightly higher tlian that of dry 
animals, but as the total weight of faeces voided by 
the former is much greater, the difference becomes 
highly significant from the standpoint of water 
requirement. TJie quantity of urine in cattle is 
determined primarily by the amount of some non- 
nitrogenous substance or substances derived from 
roughages. If tlie protein ingestion is .high, the 
urinary volume goes above that determined by the 
roughage intake. In steers and dry cows on 
maintenance ration or rougliage, the weight of urine 
excreted will be of the order 5 — 7 kg. daily. From 
the existing data it is difiicult to explain how the 
environmental temperature sliould affect the urinary 
volume. 

Water lost as vapour from skin and lungs can 
be determined dii'octly in the oaloriraotor or indirectly 
by determining the ‘ inseiisihle loss of weight ’ minus 
the weight of methane and the balance of carbon 
dioxide expired over oxygen taki'u in. By using 
both metliods, data have b(‘<m collected whicli on 
critical exaniin.ation show tli.at the loss of water hy 
vaporization dt'.ponds on: (1) Condition of coat ; a 
Imavy coat of hair reduces heat emission liy radiation 
and conduction and thus an I'xtra bnrdi'u is put on 
water ova])oration, (2) Plane of nutrition ; with the 
rise in plane of nutrition, the amount of lioat to be 
dissipated increa.ses which in turn necossitatt's griaitex 
loss of water by vaporization, (.3) Rxt.ernal temjjera- 
ture ; the observations indicate tiiat wai.er iosst ]>y 
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vaporization lias a minimum of 2 kg. at 5° C, or 
6°C. and increases slowly to about 2-54 kg. at 
15°0., with a rapid increase to as much as 7 kg, at 
2rC. and a slower further increase to an unknown 
limit ; these observations have, however, been con- 
siderably inllueuccd by the variable plane of nutri- 
tion and coat cover of the subjects ; ( 4 ) Atmospheric 
humidity ; although theoretically high humidity 
would be expected to depress vapourization, the 
limited number (jf observations made suggested that 
humidity has little effect. 

When water lost by vaporiz.ation is plotted against 
total heat emission the curve obtained is roughly 
S-shaped, which is predictable also on theoretical 
grounds. 

Pulse and respiration rates are intimately connected 
with the burden of heat disposal liy radiation and 
evaporation. Records of pulse and respiration 
counts in several breeds of cows in. rolatioii to milk 
production and summer and winter temporatare!3 
show that both rates arc capable of great change. 
The data when properly inti^rjireted ludwiatt^ that 
both pulse and respiration rates are higher in breeds 
of higher average milk yields ; that high respiration 
rate is not always associated with higher milk yield, 
while higher pulse rate always is. Accederation of 
pulse rate allows dissipation of heat both by radiation 
and evaporation whereas acceleration of respiration 
helps heat emission by evaporation only. Hence in 
high milk secretion, association of low respiration 
with high pulse rate would bo advantageous in 
effecting economy of water for milk production. 
Under tropical condition at 36“0., the average 
respiration rate per minute of Holstein, cross-bred 
and zebu are 107-0, 89*3 and 46-0 respectively. The 
deterioraton of European cattle in the tropics is 
obviously due to the failure of heat disposal by radia- 
tion and the shift of the burden on to water evapora- 
tion, resulting not only in the decline in milk yield 
but also in the breakdown of constitution. Between 
Holstein and zebu, although disposal of heat varies in 
mode there appears to be no clifterence in the capacity 
of heat emission. But such is not the case between 
show and ordinary dairy cows. In a show cow 
producing 3,000 gallons of milk in a lactation, the 
heat emission by evaporation entails vaporization of 
30-40 kg. of water which is almost double the amount 
of an ordinary dairy cow. This large evaporation 
seems to suggest important adaptation in respect of 
pulse and respiration rates, such as high pulse and 
low respiration count, 'Whatever be the nature of 
the adaptation, it is only the type of cow, which is 
capable of evaporating large amounts of water, that 
is likely to maintain high production in the tropics. 
Whether this would be true in practice or not, only 
further experimentation can reveal. So far as 
ordinary dairy cows are concerned, close shearing and 
the provision of shade are the only practical expedi- 


ents which can help m mamtuujmg their milk pro- 
duction in the tropics. 

Since skin happens to be a nuidium fV(ini wliieli 
heat emission takes pbute by eviipin-ation und 
radiation, the factors which uOee.l .skin 
temperature have important signilinaiH-t^ Mkin tom- 
peraturo rises with the rising piuuc. of nntihion. it, 
is doubtful wh(‘tlnn: thi.s is an advanl.-ige. !n fatleu- 
ing steers, heat ernissiou and skin t(.nup('ra,t,ure sinnu 
to go in the revurHed ilircction with tiu> degreo, of 
utilization of absorbed food. As oxpu.surii to snu 
raises the skin temperature above that of t-he, liody 
this should adversely alVect the normal modis of luait 
disposal. 

When the outgo of wmter through various channels 
enumerated above is reckoned against the intake of 
both performed and potmitial water in feeds, a 
satisfactory balance (uin be obtained. A ]>roper 
knowledge of various channels of outgt) uude.r varied 
dietetic and (‘uviroumeidal (‘ondilions should thus 
help ill evaluating the wai.i-r risinirenuMd-. 

The water eoiiHumption of sheep, like that of the 
cow, varies with the ty})e of ration, plane of nutrition 
and (‘Xkfrual tempm-atuisn Pregnaiie.y seems to 
impose higher wate.r reijniicint'.nts. grazing on 
fresh pusture.s may cut the water retinirenie.iit to nil. 
On the average, the requii'ement is 2 litres watm’ per 
kg. dry food consumed. 

The recorded data on water reipiirenumt of tins 
horse arc meagre. By one estimate, it is 2-3 litres 
of water per kg. dry food cousumeil. The other 
estiiuiite gives 35-45 litre.s daily. 

For the growing pig, a water to dry feed ratio of 
3 : 1 is considered satislactory ; at bacon weight, 
however, the ratio is narrowe.d. Th(i consumption of 
water by farrowing sows is .slightly greater at higher 
external temperature. Tlie water re(|viirement of 
pregnant and laefcatiug sows has been (adenlated to 
be 8-12 lb. and 40-50 lb, per day ri'sjiee.tively. 

The water consumption of poultry vari(%s witli li\ e 
weight, external tomperatui-e and (>gg-produeiion. 
In Leghorn hens in lay, the water rtapdn'inent has 
been calculated at 250 gm. dail}^ A iVw oli.serva- 
tions on water loss in vaporization ha,ve biMai made 
on fowls, which seem to agree generally with those 
recorded on cattle. [ S, 0. K.J 

The semen of animals and its use lor artificial 
insemination. James Ajsijushson (ll)'.15). Tech- 
meal Conimunicution fmperial Bniejui of Animal 
Breeding and Oenetie.s, jild inburgh 
Artimoial insemination ha.s aroused wide interi'st. in 
recent years on account of its enoruHtn.s pos.-dhiliiie.s 
in the development and improvenu'nt of live.si.ock 
production. Binco the jmhluaition by tlm iiupiM-iid 
Bureau of Animal Breeding and Gcnetiti.s, in oi' 
a review on artificial in, semination by Dr .4rthnr 
■Walton, a voluminous literature hu.s aeeimiulal(>d on 
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ike various aspects of tlie subject and there has been, collection, the different types of apparatus used for 
a, great demand for a coinprolumsive and up-to-date different species of animals, liandling and examiiia- 
rcssnine of infunnaiion and results so far obtained, tion of semen, preparation of the semen for insernina- 
Tlie proH(',ut coniuLUuication by Dr Anderson has not tion, process of insemination and the storage of 
only removed this long-felt want but has also siijjplied semen. Collection of semen may be made with the 

timely stimulus to workers on the subject, especially help of an artificial vagina or in some species by 
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ai. thf'. monKUit when tlui nu'thods of artificial insorni- 
iiiitiiiit ntiiy Inive to Ixs a.[)])li(‘d extensively in impro- 
viug and re,pl(>iu,sbing tlie, livestock po])ulaiiou of the 
■^workl so severely de.pleted by the war. 

.ijit<'ra.tur<‘ up to ]9-h‘> has been reviewed in the main 
text of t.lie iniblieation, which is divided into three 
[Mi ls, and filter information has keen embodied in a 
supplenumt. Part 1 reviews exhaustively literature 
dealing with the study of various semen characteris- 
tii.vs, snc'h as volume, juotility, concentration of 
sperms, pH, decline of motiliiy of stored semen, 
murphulogy, elVeot of exercise on stmien, fertility and 
lilt' itderrelati(inshij) between various semen (diarac- 
tf'i-isties of different furm animals, the study of 
I'lU'toi's albadhig smuen prodiu'.tion, jdiysieo-idiemical 
pro|)frth‘S of semen, {)hysi!dogy of s))ermat<>jcoa, 
proldeiiis oi' storage and transport of semtai and the 
e.x,aminalion of semen. The i[uaJity of seimm, so fa.r 
as it.s Jilness for artificial insemination is coiiem-msl, 
can be roughly estimated by deternihiing tin* eoii- 
ceiitraihui and motility of the sperm, hut the ]>reeise 
e.valuatiou would ixspiire a d<*taih;d examinathtn of 
the senauj with regard to a[>j)earance, volume, 
mut-ilit y, eoncentration, pH iual pll change on inenba- 
tion, proportion of abnormal spm'inatozioa, nvspira- 
iiou rate., resistance and longevity of spi'rins and 
freedom of semen from bacterial contamination. In 
part f I is embodied a lively tliscussiou about tlui uses 
and advantages of artificial insemination, ap[)lica- 
of the method in diileront countries, its limita- 
tions jind objections, and the factors affecting the 
^ ineimdnation results. Artificial insemiiuitioii has the 
oiilsl.attdiug advantage over mitural mating in that 
it provides a nnaiiis for increased usf‘- of siri's, for the 
t'Vulualiun of young sires, for ])rolonging the period of 
use of valuable sires, for overcoming dilliculties due 
to si/,e diflerence in males and females, for the main- 
timamsf. of satisfactory concejitiou ra.t(>, for increased 
use. of sires in monogamous species, for hybridi/aition, 
litr (-outi'olling gimital diseases and for economic 
sm’viee j)arti<‘ularly to small lu.u’ds. While discussing 
the probhmi of utilisation of artilhdal insi'inination 
luethudri ibr till* gtiuetieul iiiipi'uveimmt of stoc.ic, iiie 
y. author has (>mphasi/,ed tin' importamu! of providing 
' suilable environment, lie stress's Ihab the siiceessful 
ill ilixatioii of (he nu'tliod would (hmiaiid energi'f ic 
aelidu ou (h(‘ part, of the govtuiiment (‘oueerned lor a 
syslctnalic programme of work on a luaictical a,ud 
srietiiilie basis liy seliiiig up ihroughoiit th(‘ country 
artiileial i!i..eminalion (‘euin*s adeipiatcly equijiped 
and stalb'd with specially trained P'clmie.ian.s. Part 
111 describes in detail the actual ttxhnhiue (d‘ Bcmeu 


nuissagiug the accessory genital organs or by electrical 
stimulation in the rectum and the ]uinl>ar region. 
The. insemination is effocto<l ]>y injecting wdtli a 
special syringe a small quantity of diluted semen into 
tlie cervix of the female or by depositing the semen 
at the bifurcation of the uterine horns. Introduction 
of gelatinized sperm capsules into tlie vagina oi the 
cervical canal of the female lias also been adopted 
lately as a successful method of insemination. A 
small chapter is included in part III on the manage- . 
iiient of sires for breeding. Part III is partimilarly 
useful to artificial insemination workers, as it gives 
most mumte details about jiractieal aspccL.s of the 
subject. 

The publication comprises 150 jiagcs of printed 
mutter wdt.h a large bibliograph}" and is illustrated 
wdtTi 19 ]»lates and diagrams which should be 
I'xi.remely useful to practical Avorkers. A eo])y of 
this publication should lie an iiivaluiible nfference 
book for every artificial iusominiitidn worker in 
hhiglish-speaking eouutrie.s. [ P. B.'l 

Die Entwichksig ties Riemser Adsorbatimpf- 
stoHes gegen Maiil-imd Klaiienseiiclie und seine 
Hesrstelung (The development ol Riems loot- 
and'^mouth disease adsorbate vaccine and its 
preparation). D. \\ alu.MxVXn, U. Pvl., K. 0.. 
Hobohm, and H. Moiilmann (194,1). ZhI. Bald, i 
{(Mg.) 148, M5 

The adsorbate vaccines arc characterized by the 
active principle (toxiji, ana toxin, virus) being 
attaclied to the surface oi' a finely divided substauiu', 
thereby suiiering a p<>culiar change in its antigenic 
action. The authors review the* use of adsorption in 
enzymology, diphtheria immunization and the field 
of virus diseases. 

The results so far obtained in studying the effect of 
adsorption on viruses, with particular reference to 
their antigenic pro]jerti(!S, are summarized as follows : 

1. Adsorption, has no effect ou the virus. 
Example : Equine eucephalomyiilitis (mu.st be 
accepted with j'es(M'V(> as it is based on meagre work). 
2. Non-ini'eel.ioiis or weakly infeel.ious virus sets up 
good immnnity a.s adsorbate. Hxa,iuple : fuwl-iK;st 
(Nieschidz strain), d. Fully virulent virus loses its 
infeetivily through adsorjition without losing' it.s 
imiminizing power. E.'ca.mples : ])oliomyeliti,s and 
fowl leue.o.sis. I'hese, resnlis an-, however based on 
lalxoalory ex]H'riim‘uls am! havi- not been tried out 
ext.eiisiveiy in ]traetice. The ..nly ailsorbaie vaccine 
against a virus disease which has been so tried out is 
the, one used in the coni ml of foijt-and-mout.h disease. 
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Eatiier work on vaccination against foot-and- 
inoiit.li disease, tlioiigii exti'iiHivo, was quite un- 
auccossful. Tlio ust^ of forniolizod virus by French 
workers, however, showed that the prospect was not 
altogether 'h(»peless. Tliis vaccine was intensively 
studies l)y workers in various countries au<l in 
Germany it was found tliat the vaccine, could protect 
100 |U',r cent of guinea-pigs and GG ])er cent of cattle 
agrdnst genera lixa Lion of the infection. This method 
was, howevi'r, unsuitulilo for field application as a 
consider-ahle proportion of hatches of the vaccine 
were infective. Tlie optimum concentration of formol 
lay witliin sucli a narrow range that on one side the 
vaccine was often infective and on the other it failed 
to protect ; this optimum could not be con.stantly 
attaincfl. Recently, some Danish wmrkera studied 
the adsoi'iition of this virus on aluminium hydroxide 
and found that, niuler certain conditions, the adsorj)- 
tion was so strong that the virus could nob gemu'ally 
be cduied by clicmical nn.'ans ; u.nd, by snbeutammus 
inoculation in guinea-pigs no disease, but immunity, 
was set up, the d(‘gre.e of which corresponded with 
the (juantity of a(lsiirl)at{i injected. On intracuta- 
neous inoculation into tho foot-])ad,s, Jiowevcr, the 
adsorbate was still infoedive but this inlnctivity 
could b(‘ removed l)y heating at 25''-37 C. without 
loss of immunising property. When used in cattle 
such a vaccine set W]) the (lisease insteail of iinimi- 
ni?ing and the results could liavc no practical apjili- 
cation. 

Huch wa.s the .state of affairs when work on the 
problem was lieguu at Rhnns (The (h.'nnan Foot-and- 
mouth Disea, s(5 Research fitalion Ls sil.uatwl at tJie 
Baltic i.slaud of Ricnis, off the coast of Grt‘ifsn;ild). 
Earlier Work confirmed the fimling.s<)f Dani.sh wori'crs 
and a con.stantly safi' and u.sidui vaccine for cattle 
could not be made cvim by mon; prolonged incuba- 
tion. This difficulty was overcome by tlui addition 
of 0*05 |)er cent formalin and ‘f8-hour incubation at 
25°C. which .sufficed to maki^ a, constantly safe and 
efficient vaccine. This work .showed that a solution 
of this difficult problem find been ])rovided by the 
action of formalin on the. virus stabili/.ed by ailsoip- 
tion. The vaccine has b('en used on ov<*r tlirce, 
million animals in the fudd ; iione (d them develo])ed 
the di.sea.so. Some of tho inoculated animals rvhen 
infected 10-14 day,s afterwards proved immnm^ to 
massiv(‘ infection. 

The method of piejiarai.ion of the vaccine is des- 
cribtid in dcd.cil under the following licadiiig.s. Tlu' 
infcere.sled remh'r simuld redVr to tin. original : (IjOb- 
taining the vims including choice of ])ro(luctiou 
stniin.s and method of infecting the virus-])roducer 
animals ; (2) Prej)anLii()ii of f-lie virus c.ontainiiig 
material for incoi-poration in the vaccine ; (3) Mixing, 
drawing off and incuhaiioii of the vaccine ; (4) 
Chemical tesi- of the varions reagents re(inii'i>il and 
the vaccine, itsedf; and (5) Biological test of tho 


vaccine for aafi'ty, bacterial ccm1an\ination ainl 
immunizing capEicity. | Ai. A.j 

Fertility and hatchability^ wlie»^ the 
mental temperature ©f chickeiis is higli, .Btjrt 

W. IlEYWANii (1944). Fovllri/ Hvivmr 2S. 33-1 
Thk inlluencc. rtf high <‘nvironni(‘iii;)i j<'niperiti urc (ui 
l.lu! ffniility and iuil-rdialtilily f)!' eggs laid iiy White 
begliorn pullct.s lias been inve.stig.iUsI, Tlu* l)irds ^ 
were ke]>t at normal, rather tiiaii at art ilieially 
controlled, tomperaiure eondit ions. Tt.ey \vete 
trapncstfHl and tlie eggs, <s,dlc(d;ed llajtn the* . 

hourly infcervfils, were ke|)l it. a relVig-erator a.t 55'" h\ J 

till incuhatisl. 'I'hey weie si,\e<! I'uj- irieuba,tio)! <m I 

the six week days ami placed in the incubator t!>.o 
followdng Monday, during 12 pm-inds belv. een Mareh 
29 tuid August 21, 1913. During tliis entirt' ptwic-d 
the same Mdiitc Leglioin {‘(jckerel-. lemained with the 
different groups of pullet.s, 

Tlie<Ia1ann fertility .‘iiul liateluiliiiiy v \ i m- gronp<'il 
into six lots depending upon wiiiiii<T tim eggs wma' 
savetl during a period wdien the m.-ixmimi' {.(■tiipiU'a- 
tnre was between StV'-Sldf, .^.5' • .s')*'.) , '.Hf -Dl-ib 
9,5"-99*9“, 10()"-KM -‘)'‘ or 105" lOhdf F. 'V he average 
for each of the rajige.s \va,.s d<‘l .uiiiinid IVuin llte 
individual ligiire.s of iln' peiiud. ; 

The tignnss for (>ggs laid b_\ Itto piiitiet„s, wltEUi 
exainimsl, showed llial Viheii the avei-.ige niaxhnum " 

environmental teniperat me was Hg'S''. 8ie2 , ItA-tf, j 
97*5° and kiDS"F., the b‘ni!it\ r.f ila-ir (‘gg.s wu.s, ’ 
res))eetiv<'ly, 9! *9, 93*<‘», 91-8, HS-P and S2-9 per cent, " 
and the, pi>rcentag(' of ehieb' hatehed fnmi tlieir 
fertile, egg.s was, r<‘.spe{'{i\'i‘ly, 7,S'9, 77*7. 78*-!, 71*8 
a.iid G8*0. : ' " I 

Th(' egg.s laid by <13 piilli'ts of the above group, 
when the average maxinuim air t,etup<-ratiire was 
10G*8‘’F., were a.lr,o inenbated. Tin* average ligure.s 
of fertility tmd hatehabiiity for this set of birds, 
wlnm the jtverage maxiiuuin- environmental fenipera- 
ture wa.s 82‘tS‘', H(r2'', 93*0‘'5 97*5". lit! >8 ’ .atid lOiPts‘'!y, 

W'erc, respt'ctiveiy, 92-5, 92-1. 91 ‘ti, 8(>'8, HO-I ami | 
73-8 per (‘ent for fertility, and 78-tk 'ili-ff, 78*5, 72*2, I 
G7'it and 55*1 per ismt foi liafcli.ibility iVoin lertile 

The exi)('rime]iial re, suits; were analx.^i d .slati.stieally .> 
ami p \V!is determined for 1iie fintililv intd hateiaibi- 
lity of the t'gg.s laiil at. .lilTeretit • nvii.Jtuiiejp.al 
tein))eratnr('s, Tiiis showed ihat at. I lie averagt- 
niaxinmin teiufteratures of !Ol-8' am! ln!r8 K. ’ 
fertility and hatehabiiity wen* si; nilieant ly lower . 
than iito.si' of tin* egg,', laid a! the :i\rt,i"e inavimum 
temperatures of 82-8", 8G-2 ami 9:M) F. 

It is therefore conelmled that fi‘((;lii\ ami imti'h- 
a,bilit.y are low<‘fe(l wlmii r-liii'lmm .ate k'epi under 
high envinmnieuial lemperaiure,,, j T.S.K.j . ■ 

Studies in bovine mastitis- Modes of spread 
of Strcplococcm uiialaclhh' infection in 
ketds. A report ois observations orgaiiiaed by 
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fh Research Coracil ol the 

Imperial Bureau of Animal 
Health Maf Review Series No. 2 
,, ; ■ ^j,.j. deals with the researches that were 

.jiJiis rep 2^-^ dairy herds consisting of various 
Hied _ Pi different centres extending 

p' c'ause of bovine mastitis which reduces 
I ke imjwi_ herds is Streptococcus acjalactiae 

|.t icmi streptococci, staphylococci and diph- 

pAkong 1 (.ause mastitis in cuttle. Mastitis due 

l^dnermd. >a^ more frequent and important 

[to g supposed. The observations described 

^ indicate clearly the routes by which 
mnfectim cause of persistent herd 

pfection.^^ ^^ 1 ^^ of collection, sampling and examiiia- 
,, , , uiill^ and teat swabs that were adopted 

!! ion ot bo througlumt the investigation have 
■s a ‘ I Pi detail.. These examinations have 

leen c escii - agalacJiae is a coniinou inhabitant of 
hown tha^ jpei- or teat canal, even in the absence 
f ’.!• ruiptc”'^- Vai'ious workers have recorded 

dclinica s) 1 j. mastitis due to Sir. agalaciiae, 
ho 1 it, isoktion froui milk of 38.3 per 

.Imett rep iiiiectioii varying from 10 per cenfc 

.“If^Toent i“ ™ 

uition regto’ding tJio occurrence of 
l&ecorded )i «» ,._^= 

pi In, ygap''' “ “r sample, of milk examined 

*tV/e ■vvaa ieolated from 38*8 per cent. The 
P''-- y«Y'"‘J„i„atiou of milk and teat mvab, of 
, 1 "jss are given in tabular form. It was 
|^,hl^ere.il heuk^^^,^ consistently 

^no ice( . ' ^ results from 

..ir ^ teat-swab tests were obtained. 

^ ])o,sitive milk samples and 

f; ... " ' nwabs are given. Of the 2177 positive 

i imik sampke 8, negative 

MidkTumjies oiil^' P^‘ positive 

*vi* i. ' h ^ Ua ihit of the total po,sitive teat swab-s, 

or teat swabs. • i -.i -n 

Sf 'f j.r >. .cut a.s.sociated with positive milk 
S'J,' wiis pJ'fJ^'cd that the smme.ssive positive 

^ ' y)t; be due to irue .skin infection but 

”* “re je-ited ceabunmation by milkers- hands, 
g .] ,s uul hlemisiies on the teate become 

s|i.rfecl.dTMvhk‘'^ 

, vilnt mlecbiou may also occur 

sn any lesions on the. teats. It wuis 

-I , b’*" ‘ ’ ] +iiat >'^7.r, aqalacliae infection often 
die dry teats dpring 

M, “ ! ' Tlie per.sisient infection in drv cow 

S.ri» tk' mlinienanoe of infection in the 

for ;S 7 r. iu/ulttrluir hi sites other than the 

PTOw’rDdfict ms '■"■>“"'“8 findrags •' 


1 . The occurrence of Sir. agalactiae on the teats of 
heifers that have not been milked is exteniely rare. 
But Sir. agalactiae frequently appears in the. milk of 
first-calf heifers during their initial lactation, 

2. Str. agalactiae could not he isolated from the 
throat and nostrils of calves or from the vagina of 
cows. Some workers, have claimed isolation of 
this organism from the mouths of cahais suckling 
infected cows about eight hours after suckling, 

3. Sir. agalactiae can be isolated from the great 
majority of the hands of milkers who are daily 
handling the teats of the cattle in any average hcrtl. 

i. Str. agalactiae is not a natural human parasite. 
When found on the milkers’ hands or in the throat, 
this is simply the result of contamination from milk. 

5. Str. agalactiae has been isolated from churn 
iiandle.s, Ihls, door, knobs, broom handles and. from 
the cups of milking machines. 

6. The air of cattle sheds is contaminated with 
Str. agalactiae, but air-borne infection is of minor 
importance as compared with contact infection, 

A study of the relation between Str. agalactiae in 
milk and clinical symptoms indicated that 283 or 
14*3 per cent of 1,977 samples of milk yielding Str. 
agalactiae were associated with signs of clinical 
mastiti.s, while only 129, or S-1 per cent of 3,460 
samples of milk not yielding Str. agalactiae were 
associated with signs of clinical mastitis. In other 
words, signs of clinical mastitis were approximately 
four times as frequent when Str. agalaUae was present 
in the milk as when it was absent. 

Methods of control are detection of infected cases, 
eliminating them from the herd, or isolating and 
milking the infected cows last. [ M.K.S,] 

The effect of feeding cottonseed meal as the only 

concentrate on several properties of milk. 

1. Fat, total solids and ash content, ,P. G. . 

Miller and G. H. Wise (1944). J . Dairy Soi. 27, 

275-279 ' 

The object of the experiment wa.s to determine the 
effect of feeding cottonseed meal as the. only con- 
centrate on several properties of milk to a group of 
Holstein herd. This was conijiared with a control 
group of an equal number of similar animal.s whicli 
was fed on a concentrate mixture coiivsisting of four 
parts of corn gluten meal, two of wheat liran, two of 
ground corn and two of ground oat.s. Tlie roughage 
allowed to both the groups wa.s tlie same and. com- 
prised either corn or soybean silage or jia.sturc. [n 
addition, both the groiijw were given an allowance of 
2 per cent bone meal and 1 pm cent salt. The 
experimental observation extemled to a period of 
16 consecutive months. 

The data presented showed that four montlis after 
the animals were placed on their ri'.spec’tive iced, tlie 
milk yielded by the experimental group had com- 
paratively a lower percentage of total solids, fat and. 
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aolids-not-fut tliaii tluxt of the control group, There 
was ii, <]ecroasc in the iisli content xilso which, howo-vcr, 
followed later. [T.A.] 

ToHaemie ianiidice iri sheep, AuHimlian Agrmtl- 
luml Neu'dettef, Uvkase. No, AGN/104, Ocioher, 
1045, Ganhevra 

It is expected tha,t results of ol.)S(.‘rvation,s and 
('X|K'rimcnts Ixiguii during the ])ast 12 mouths will 
poiirt the w;!,y to seh-isfactoiy inetliods of control of 
toxaemic jaundice in sheep. 

The investigation is I)ci3ig conduci'cd Ijy the 
Toxacmic Jaundice Coinniiltec, rejxresentiug the 
Council fur Scientilic and Industrial Tlcsearch, the 
Departments of Agriculhiro of Victoria and New 
South Wales, and the Melhourne University Veteri- 
naiy Ilesearcli Institute. It is financed jointly by 
the Australia Wool Board ami t!ie Ansiralian Meat 
Board. 

Kesults at the experimental farm suggest that 
proteins of high luological value, siieli a.s easoin, 
have a ])rotective action against the damage to the 
liver associated with toxaemic jcnindice. It is also 
suggested that the low iniiikc of ])ro|,(‘in during late 
summer and autimi eontriiaites to (he livtu’ damage, 


assoeiated with storage of high amounts of copp< 
to he found in the. ax’ea in which tlie disea'^e occurs* 

Uradrig on hcliolropo {IleHotropium ouroptfriio 
iimreased t.he death rate in the fhxdc by adiiiw 
300 per cent, and deaths wit.fi signs of j;uiit(hh 
21 fold. Strain d\ni f.o shortage of food coidi 
but(‘d to lh(', (kudhs in the Hock from idl c:!,nse 
Tt would apptw that heliotrope eatises smdi 4i,<lvcj‘ 
olle.cts }it!ca,use it favours a liigher iniakn* oi' cojij- 
by the sheep tha,n a grass j)asture. Hnrveys of ^4 
and pasture are being determincid. Hesnlis, it 
('xj)cctcd, will suggest po.ssibh' means of prevcmlic 
intake ofcojxpcr by the shee]u or of ])revonting cxce? 
storage of cop])cr in the liver. 

There is evidenee to suggest that the a.ssimilat{o 
and storage, of co]»])er by sheep is regulated by tb 
mineral in the soil and in tlie plant, Molybdetiui 
is one mineral element whieli i-an reduce coppe 
storage in the graiiing nuiiimd. ft (x'curs in widef 
varying (n)nc‘ent.ratioiu' in pliuiis. When present I 
high coneontration in the plant, it tmt.y cause copj^ 
defKdeiicy in the she<‘.p although the eopjxer eo| 
ecntiation in the plant remains tutrmal. It se$% 
possible find, if mo!ybd('num is in very low eoncon 
l.rathm in t.he. j)Iaid, a, very liigli stoi'a.m* of coppt; 
may lie Imiit up by thegra,/Jiigslif'(>p. 


THE MAYNAED GAMGA RAM PRIZE. 


AinuJCATioxs arc invited for the awiird of (he 
Maynard Ganga 'Ram Pri^e of Rs. G,(»(Ki for a 
discovery or an invention or a new pracl.ical 
method wliich will t.end to inci'caso argiciiltural 
produetioji in the Punja,]) on a paying basis. The 
pri/iC is open t.o all, irres]>ee.tive of caste, cre-tnl or 
nationality and (loveriunent' servants are also 
eligible for it. Essays and theses are not acc.ejxted. 
The" prizie U'ill be awaiahul for something jtraehi- 
oally achieved as a result of w<jrk done after fhe 
prixso was founded, in 1923, 0 >m])etitorM in tlieir 
applications must give a clear account of the hks- 


(.oiy of tlndr iuvent.iou or discovery and mu| 
produce, tdear e.viden<*e, tluid- it is the resuK. 1 
their own work. In the case of an iniproved erif 
del, ails of pa.rcntji.ee, cvohitjo/i a-nd lii,d(iry ;H)d I 
bof.anjeaJ dese, riplion iiro iUM'cssnry. 

d’he Miuniging (lommittee rcfcrve^ (o itself tli 
tll(^ rigid', of w'ithlmlding or ]ni.st])oning (he prize > 
no sa,t;i.sfae(.oty aehicvtuuent. is reported to it. or (■ 
reduce (he amounl. of (he jirize or io divide it 
the quality of the (udrle.s jnstifi{‘.O.Ius deoi.don. ; 

Etiirio.s sliouhl ivacdi tlie Dimct.iir ol' Ago jeulturt 
Punjab, Lahore,, not later t-hau 31s(. Oendier IdR 
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